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INTRODUCTION
The Illuminating Engineering Society (IES) de-fines
"light" as "radiant energy that is capable of exciting the retina
(of the eye) and producing a visual sensation" (IES Nomenclature
Committee, North America, 1979). The sun is our biggest source o-f
illumination during the day and we have to depend on it in many
aspects of our life. But artificial illumination becomes a
necessity when any activity is to be carried on indoors or at
night.
McCormick and Sanders (1982) state, "The design of
illumination systems have (sic) an impact on the performance and
comfort of those using the environment as well as the affective
responses of the people to the environment". They also say that
"Illuminating engineering is both an art and a science. The
scientific aspects include the measurement of various lighting
parameters and the design of energy-efficient lighting systems.
The artistic side comes into play when combining light sources to
create, for example, a particular mood in a restaurant, highlight
a display in a store, or complement a particular color scheme".
Light not only affects a person's mood, but can also be
used to communicate ideas or reinforce impressions. These
concepts have long been recognized by the designer of
merchandizing lighting. Research carried out along these lines
also suggests that behavioral studies may also find application
in any luminous environment, from a residence to an office.
Definitions
Brightness. Brightness can be divided into two broad
categories :
1) Subjective brightness, and 2) Photometric brightness.
Subjective brightness is the conscious light sensation
resulting in the feeling of intensity. There is a vast range of
words to describe the effect including : dark and light, dim and
bright, etc.. This, of course, can be scaled. Photometric
brightness refers to a physically measured amount of light.
Photometric brightness is also called "luminance".
Visual acuity. The ability of the eyes to differentiate
between the detailed features of visible things, such as reading
fine print or identifying a person at a distance, is known as
visual acuity. Acuity depends on the accommodation of the eyes,
which is the adjustment of the lens of the eye to bring about
proper focusing of the light rays on the retina. In normal
accommodation, if one is looking at a distant object, the lens
flattens, and the lens tends to bulge when looking at a near
object, in order to bring about proper focusing of the image on
the retina.
Dark adaptation. The adaptation of the eye to different
levels of light and darkness is brought about by two functions.
First, as one enters a darkened roam, the pupil of the eye
increases in size to allow entry of more light into the eyes; and
in case of bright lights, the pupil tends to contract in order to
limit the amount of light that enters the eye. The second
function that affects how well one can see as one goes from the
light into darkness is a physiological process in the retina in
which "visual purple" is built up. Under such circumstances, the
cones of the retina (which are sensitive to color and variations
in brightness) lose much of their sensitivity. Color
discrimination is limited in the dark since our vision in the
dark depends on the rods of the retina which are not color
sensitive.
It takes about 30 or more minutes to adapt oneself
completely in the dark. The reverse ("light") adaptation, from
darkness to light, takes place in same seconds or at most in a
minute or two.
Factors that affect Visual Discriminations
The ability to make visual discriminations is dependent
upon the visual skill, viz., visual acuity, of the individual.
Besides these individual differences, however, there are certain
conditions (variables), external to the individual, that affect
visual discriminations. Some of these variables are listed below.
Luminance Contrast and Conspicuity. Luminance contrast is
also referred to as "brightness contrast", and this means the
difference in luminance of the features of the object being
viewed, particularly the feature to be discriminated by contrast
with its background. Luminance contrast can be expressed by the
fallowing relationship:
Bl - B2
Contrast = x 100
Bl
where Bl = brighter of the two contrasting areas
B2 = darker of the two contrasting areas
The contrast between the abject (target) and the
background is one of the most important -factors influencing the
detectability of an abject in one's environment. This introduces
the concept of "conspicuity" or the discernability of an object.
Man only perceives a small part of what is to be seen around him.
The choice of viewing direction is an initial, rough selection.
The observer's attention then determines the part that is
consciously seen of what falls within the field of view.
Something is noticed because it differs (is in contrast) from its
environment in qualities such as shape, color, size, or
brightness contrast against a background.
Time. It is known that the greater the discriminability the
longer is the viewing time, within reasonable limits.
Luminance ratio. The luminance ratio is the ratio of the
luminance of a given area (e.g. , the work area) to the
surrounding area. The IES has recommended luminance ratios for
various areas relative to the visual task, for both office and
industrial situations. These are shown in Table 1.
Amount of illumination. The importance of the amount of
illumination necessary for goad task performance is one
controversial issue. Researchers (like Bennett, Hughes, et al
.
,
1977) have concluded that age has an important role to play as a
determiner of the amount of illumination and their performance.
Ross (1978) , however, concludes that increasing illumination
above 500 lx (50 fc) results in little additional improvement in
task performance. He also concluded that other variables, notably
age and print quality, are more important determiners of
TABLE 1.
Recommended Luminance Ratios far Offices and Industrial
Situations.
Recommended maximum
luminance ratio
AREAS Offic Industrial
Task and adjacent surroundings
Task Si adjacent darker surroundings
Task & adjacent lighter surroundings
Task & more remote darker surfaces
Task & more remote lighter surfaces
Luminaires (or windows, etc.) and
surfaces adjacent to them
Anywhere within normal field of view
3:1
3:1
1:3
5:1 10: 1
1:5 1:10
20: 1
40: 1
Source : IES Lighting Handbook, 1972, Figure 11-2, p. 11-3,
and Figure 14-2, p. 14-3.
performance than amount of illumination, which was contrary to
the -findings of other researchers, like Bennett, et al . (1977).
Subjective evaluations o-f different lighting levels showed that
the higher illumination levels were more satisfying (Hughes &
McNelis, 1978). But it is not always wise to provide high levels
o-f illumination. Besides the energy waste, it may also result in
unwanted effects such as glare.
Glare. One of the unpleasant effects of high levels of
illumination is "glare". Glare is produced by brightness within
the field of vision that is sufficiently greater than the
luminance to which the eyes are adapted to cause annoyance,
discomfort, or loss in visual performance and visibility. If
there is a light source in the field of view, it is a cause of
"direct glare". "Reflected" or "specular" glare is caused by
reflections of high brightness from polished or glassy surfaces
that are reflected toward an individual.
Age and vision. As mentioned earlier, an important fact to
be noted is that visual skills, especially visual acuity, tend to
deteriorate through age. Therefore, in situations which might
involve designing of visual displays that might be used by
elderly people, it is necessary that designers take this factor
into account.
Movement. It has been found that the movement of a target
object relative to the observer can result in reduction of his
visual acuity. Burg (1966) had found that acuity deteriorates
rapidly as the rate of motion exceeds 60 degrees per second.
Visual Response to Brightness
The light -falling on an environment, illuminance, (which
is expressed in -footcandles or lux) is a standard measure used
today to determine the acceptability o-f a lighting installation.
However, the eye does not react to incident light, it responds to
reflected or transmitted light, luminance or brightness, (which
is expressed in -faatlamberts, or candel as/meter squared).
Incident light is modified by the effects o-f a variety of
-factors, like abject size, viewing time, etc. and it is mainly
the reflectance of light from the object that aids the visual
response to light and is directly involved in the seeing process.
The degree to which the eye can adapt itself to differing levels
of reflected or transmitted light is phenomenal. Under controlled
conditions, the eye perceives minimum variations in brightness of
approximately 2 to 1, and variations between the brightest and
darkest areas of a seeing task can reach a maximum of 100 to 1.
However, extreme contrasts between high and low areas of
brightness can strain the eyes and slow the seeing process,
particularly if the viewer is subjected to these conditions for
long periods of time or engaged in detailed tasks. On the other
hand, some contrast is essential (both physiologically and
psychologically) if seeing is to be comfortable and effective.
The problem is to control reflected light for optimum effects.
Phatotropism
Lighting designers have made remarkable progress in
designing lighting systems that supply the proper amount of
illumination, with the proper spectral composition, without
8creating glare and doing it in an energy-eff icient manner.
One of the mast important concepts used by lighting
designers is the concept of "phototropism" , the tendency of the
eyes to turn towards a light. Store owners and store window
designers take advantage of this human tendency when they direct
bright lights toward a particular part of the store or at a
particular item in the window, specifically, articles to which
they want the customer's attention drawn. However, phototropism
can have negative effects for task performance and safety,
particularly, if it draws the eyes away from the area of most
important visual attention.
Determinants of Luminance Level
Research carried out in Europe has studied lighting
levels at which observers report pleasantness. Actually, there is
a sequence of responses to lighting orienting or attending,
seeing, feelings of pleasantness and discomfort. This leads one
to hope to find "convergence" between behavioral (i.e., directly
observable) and subjective responses.
The luminance and the illuminance overall and far
particular parts of the space are the most important points to be
considered by the lighting designer. It may be desired to attract
attention somewhere. There needs to be sufficient light in the
place where same visual work is to be performed. But at the same
time there should not be any discomfort from glare in such areas.
Thus, attention-getting, visual performance and discomfort glare
have a kind of utilitarian purpose.
A number of European studies (Fischer, 1973) have shown
that office workers selected a "mast pleasant" illuminance -for
of f ices. The mean was about 2000 lux which is more light than
most offices have and higher than the illuminance needed for
most office tasks. Response scales, which have responses like
"uncomfortable" at higher luminance, and "pleasant" at lower
luminances, have been used as subjective responses in some
discomfort research.
Behavioral Approaches
Phenomena such as pleasantness and discomfort need a
proper understanding and direct subjective responses play an
important and dominant role in such cases. Convergence of methods
and findings are important in scientific research and so it is
necessary that we arrive at the same conclusions with quite
different methods.
Some research has used behavioral approaches. Melton
<1933> observed that 75% of museum visitors turn right when the
environmental factors favoring a right or left turn are
equivalent.
Flynn (1970) noted that lighting enables a person to
readily identify and relate to various activity needs, and
recommended a study of the effect of lighting on entry-egress and
circulation (or movement) behavior.
In the area of phototrop ism ("phototaxis" , to be
precise), Taylor and Sucov (1974) carried out a behavioral study
with humans. In this study, the subjects were asked to enter
through a doorway from one roam to another, in a kind of T—
U
maze, with a choice of two passageways which were illuminated at
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different levels. Lighting conditions were balanced between the
two passageways to account for a right—turning bias which
otherwise has been observed. Responses -favored the higher
luminance route. This selection of route behavior may be rather
complex because it may involve an initial orienting response
triggered by the higher attention getting value o-f the higher
luminance and this may have resulted in greater visibility o-f
details (such as texture) o-f the higher luminance end, as well as
possibly greater pleasantness. I-f very high luminances had been
used, the glare created could also have been a determinant o-f the
route choice.
Reference can be made to two other studies one done
by Hopkinson and Longmore (1959) and the other done by Lagiusa
and Perney (1973) in the area of attention getting and
sustenance. They have studied what may be called "orienting
responses".
In the -first study, Hopkinson and Longmore conducted
experiments employing apparatus which enabled a simultaneous
photographic record to be made o-f the visual scene together with
the eye movements o-f an unsuspecting observer viewing the scene.
A count o-f the number and duration o-f these eye movements
revealed that sharp, intensely bright points o-f light distracted
the attention in a series o-f jerky eye movements, whereas less
bright but larger areas caused more eye movements o-f longer
duration, probably because in the -first case it was very likely
a discomfort glare source.
In the second study, LaGiusa and Perney (1973) made
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observations on some school children who were supposed to be
studying a display of spelling material. The number of times the
children looked toward the display and their sustained viewing
were recorded. Both o-f these responses increased with higher
luminance (150 f L> . The results of the study have also
demonstrated how brightness variations can be used as an aid in
attracting and holding student attention in a classroom. The
study was done by using supplementary lighting to highlight the
specific set of visual stimuli set before the students.
A second study was carried out by these same authors,
(LaGiusa and Perney, 1974) , to affirm the hypothesis that
attention to visual aids can be enhanced by reinforcing
brightness patterns. The study attempted to apply more vigorous
control over the test procedure to minimize the passible effects
of extraneous variables, namely, the data were collected from
observations within a single classroom, always using the same
students, teacher and trained observers. This study's findings
were able to affirm the hypothesis that attention to visual aids
could be enhanced by reinforcing brightness patterns. Further, it
demonstrated that such manipulative lighting techniques could be
an effective means of improving pupil attention while in long
term use in an actual classroom.
A common human factors recommendation (Ireland, 1967)
states that, for goad target visibility, the area surrounding a
display should not be brighter than the background area within
the display. But there are a lot of situations where the surround
brightness cannot be adequately controlled.
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Ireland (1967) reported on the "Effects of surround
illumination on visual performance". He reviewed literature to
-find out what had been discovered concerning the e-f-fects on
target visibility of specific parameters of a surround-to-
background relationship in which the surround was brighter than
the display background. A lot of literature was reviewed and it
would appear that the important parameters determining the
visibility of a target, of a given angular subtense at the eye
and centered on the display background, Are (1) target-to-
background contrast, (2) background brightness, (3) background
angular subtense (which determines target-to-surround
separation) , (4) surround—to—background brightness ratio, and (5)
surround angular subtense.
Numerous investigators have studied the quantitative
effects of these parameters. Results of studies using extended
surrounds, rather than point sources, have not been sufficiently
comprehensive or consistent to support quantitative
generalizations in this area.
Ireland, Kinslow, Levin and Page (1967) carried out an
"Experimental study of the effects of surround brightness and
size an visual performance". The purpose of this study was to
determine, quantitatively, the degradation in visibility due to
high surround brightness and thus to provide useful data for the
display system designer. Measurements were made of the target-to-
background contrast required for each of the five subjects to
determine, with fifty percent accuracy, the orientation of a
lighter Landolt ring target centered on a darker circular
13
background. The target gap subtended 1.93 minutes of arc.
Background angular subtense was varied -from 5 degrees to 45
degrees, background brightness -from 0.17 to IS. 43 millilamberts
and surround-to-background brightness ratio -from 0:1 to 100:1.
The rest of the visual -field was a uniform surround whose
brightness could be varied independently with respect to the
background. The scene was viewed monocularly with the natural
pupil
.
The results showed that -for surrounds brighter than the
background, the contrast threshold was fairly sensitive to the
surround-to-background ratio. The increase in a subject's
contrast threshold appeared to be proportional to the increase in
surround brightness. Also, there was evidence suggesting that
surrounds considerably darker than the background also adversely
affected visual performance, i.e., raised the contrast threshold.
Changing background angle appeared to have a surprisingly small
effect upon the contrast threshold, although there was reason to
believe that it might not have the same effect with other tasks.
From a practical standpoint, the results of this
experiment provided a basis far specifying increased display
contrast requirements when the area surrounding the display was
subtantially brighter than the background within the display.
Collins and Plant (1970) investigated the preferred
luminance relationships to acheive a satisfactory character in a
windowless interior. They could not draw any specific conclusions
regarding preferred luminances of either roams or furniture
surfaces in relation to task luminances. Preferred luminance
14
levels gave a degree o-f glare approaching IES (London)
recommended limits at 500 lux, but a lower degree was required at
higher levels. Preferred ceiling luminances with surface-mounted
2
-fittings were in the region o-f ISO — 200 cd/m. Since this study
was carried out using a model of a landscape office, it was
recommended that further investigations be made in some full-
scale installations, preferably in offices where observations can
be made and occupant reactions studied.
Helson and Lansford (1970) carried out a study entitled
"The role of spectral energy of source and background color in
the pleasantness of object colors". In this study, over 150,000
ratings of the pleasantness of colors were made of 125 colors on
25 backgrounds in five sources of illumination by five men and
five women. The results showed that the pleasantness of object
colors depends on the interaction of spectral energy of light
source with background color, and the hue, lightness, and chroma
of the abject color. Specific factors like sex differences in
color preferences in the five sources of illumination, preferred
color families, and best backgrounds for enhancing ratings of
object colors were also significant. The background color was
found to be more important than color of the source in
influencing pleasantness ratings since color contrast could
drastically alter the appearance of abject colors. The single
factor that was found responsible for pleasant color harmonics
was the lightness contrast between abject and background colors.
Good color combinations could be obtained by a greater lightness
contrast.
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In conclusion, Helson and Lansford -formulated a
universal "law" of behavior regarding aesthetic responses to
stimuli : "a certain amount o-f variety, change, dif -f erentiation
or contrast is pleasant; sameness, monotony, repetition tend to
be unpleasant".
Flynn, Spencer, Martyniuk and Hendrick (1973) carried out
a study to investigate the e-f-fect o-f light on impression and
behavior. This study was done in a medium-sized conference room
at the General Electric Lighting Institute at Nela Park near
Cleveland. To implement this work the authors utilized
scientific techniques -far evaluating the subjective quality o-f a
space most notably, (a) semantic di-f-f erential rating scales
-for factor analysis, <b) multidimensional scaling, and (c)
various observation and mapping methods. These methods were used
to study a room in which the only physical changes were changes
in the lighting arrangement. There were six di-f-ferent lighting
arrangements used in the study.
The results o-f the rating studies tend to support the
basic hypothesis that the users o-f a room share certain
environmental impressions and that these impressions can be
altered or rein-forced by the lighting arrangement.
The three major categories o-f user impression affected by
lighting changes were :
(1) General evaluative responses such as pleasantness and
friendliness.
(2) Impressions of spatial clarity such as brightness,
distinctness, and focusing.
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<3) Impressions of spaciousness.
Observation of user behavior provided evidence that
lighting may also have some influence on overt behavior, such as
seat selection patterns, pasture, comments, gestures and -facial
expressions.
Contrast and Visual Canspicuity
Contrast has been defined earlier as the difference in
luminance of the features of the object being viewed.
Flynn (1972), in his preliminary observations, offered
the fallowing table:
Target-to-Background
Brightness Ratio
Barely recognized contrast as
a focal point; negligible
attraction power.
Minimum meaningful contrast
as a focal point; marginal
attraction power.
Dominating contrast as a focal
point; strong attraction power.
2:1
10:1
approaching
100:1
Flynn also suggested that attention is involuntarily
directed to color areas that contrast with a neutral visual
background. He concluded by stating that an observer who is
unfamiliar with a space will move toward areas where color is
predominant and toward areas of highest brightness. Thus, in the
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above table, Flynn gives the brightness ratios to which people
would be barely or strongly attracted depending on how meaningful
the contrast is. This differs from the luminance ratios,
recommended by IES (Table 1), which generally are applicable to
offices and industrial situations.
In the field of visual conspicuity, Engel (1976) has done
some extensive studies, particularly in the measurement of visual
conspicuity and haw it can act as an external determinant of eye
movements and selective attention. He defined visual conspicuity
in the following wards: "Visual conspicuity is operationally
defined as the external factor determining the probability that a
visible object will be noticed against its background." His
experiments have revealed that larger "conspicuity area", well-
defined "visibility-area" and plain backgrounds greatly increase
the visibility and consequently also the conspicuity of test
objects in eccentric vision.
Pilot study
A pilot study or a preliminary study was conducted to
determine whether there exists any pattern in the behavioral
reactions of people regarding choice of lights.
Subjective responses were obtained from 15 subjects for
evaluating the pleasantness of two "target lights" (each
measuring 2"x2") placed SO inches apart. There was a white screen
placed behind these target lights and this provided a background
for the lights. There were four floodlights on stands, each
housing a 150 Matt incandescent lamp to illuminate the screen,
and thus provide uniform background luminance for both the target
18
lights. There was a cross a-fixed on the screen midway between the
two target lights, at eye level.
fit the start, the ceiling lights were turned off and the
-floodlights were turned on. The subjects were instructed to look
at the cross and as soon as the target lights went on, they were
asked to look at whichever light source they preferred to look at
and then turn them o-f-f immediately by pressing a button. This
button was also hooked to a timer, and this measured their
reaction time, unknown to the subject.
The subject's task was to rate the pleasantness o-f the
light he/she preferred to look at, using a "Pleasantness scale",
and, then, write down a ward that was displayed on a card just
below the chosen light. The Pleasantness scale was a relative
scale which had ratings from -3 to 3 with corresponding
specifications from "Very Unpleasant" to "Very Pleasant". The
word that the subject wrote corresponded to the chosen light and
this enabled the experimenter to determine which target light
(left or- right) was chosen by the subject. This way an attempt
was made to eliminate the subject's thinking in terms of left or
right and thereby eliminating the introduction of any such bias
in his/her orienting behavior.
There were five levels o-f target luminances and three
levels o-f background luminances, providing 15 levels of different
combinations o-f target and background luminances.
The results showed that there was no le-ft or right
turning bias in the subjects' orienting behavior. There were
significant differences in the response times and the
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pleasantness ratings between luminances. Significant differences
were also observed in the number of people choosing these
luminances and there was no evidence of the existence of
interaction between the target luminances and the background
luminances.
In summary, there was no specific pattern observed in
the people's behavior regarding the choice o-f lights and probably
the choice o-f one particular luminance depended on what luminance
was presented at the same time on the other source of light, thus
indicating unpredictable behavior.
Present study
Purpose. The present study is an extension of the pilot
study and was undertaken to investigate -further and determine if
there exists any pattern in the behavioral and subjective
responses of people regarding the pleasantness of lights. In
other wards, the number of times that people look at the lights
or their orienting behavior is expected to have a relation with
their pleasantness responses. These pleasant lighting levels are
expected to be above levels which attract attention. Also, the
luminance of the lights is expected to be an important factor in
determining the speed of attention-getting.
Further, should any relationship exist between the
responses and the predictor variables, regression models could be
built for each of the responses.
Differences from pilot study. The present study is different
from the pilot study in the way the experiment was carried out.
Unlike the pilot study, here each target light was contrasted
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with a different background luminance and the target lights were
placed closer together with a partition in between. The subject
could look at both the lights at the same time and, when the
lights were turned on, had to look at only that particular light
which attracted his/her attention first.
There were six levels of target luminances used in the
present study 10 fL, 32 fl_, 100 fL, 320 fL, 1000 fL, and 3200
fL. These values were arrived at after arranging the initial
values 10 and 32 in same geometrical order. All the other higher
values, viz., 100, 320, 1000, and 3200 were obtained from the
multiplying factors 10 and 32. In the pilot study, only the first
five levels of target luminances were used. It was decided to
extend the number of levels. The number of levels of the
background luminance was also increased from three to five.
2!
PROBLEM
This study was undertaken with the objective to
determine whether there exists any relationship in the behavioral
and subjective responses of people regarding the pleasantness o-f
lights.
Specifically, the objectives o-f this study Are :
1) To determine the lighting conditions at which the
orienting and/or movement responses of people are the same as or
similar to those which produce pleasantness responses.
2) To determine whether the speed of attention-getting
increases with a greater luminance/contrast with the background.
3) A third abjective of this experiment is to build
predictive models far each of the response variables,
pleasantness ratings, number of times looked at the lights, and
the response time.
22
METHOD
The experimental method o-f this study can be broken down
into the -following divisions :
1. Experimental set-up
2. Experimental design
Independent variables
Dependent variables
Power o-f the tests
3. Subjects
4. Apparatus
5. Controls
6. Assignment and sequence of conditions
7. Pleasantness scale
Criteria
B. Procedure
Task
Experimental Set-up
The experiment was carried out in the Department of
Industrial Engineering, Durland Hall, Kansas State University.
The experiment was set up at the far end of a room
measuring 44 feet and two inches on the longest side and 23 feet
and 10 inches wide (Refer to Figure 1). As shown in the figure,
only the right-end corner o-f the room was used for the experiment
and thus a screen to caver this width (152 inches) was hung up
from the ceiling. Actually there were two layers of white cloth
and this had a reflectance power o-f 0.68.
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23' 10"
Ta - Table for subject
F - Position of Floodlights
E - Table for equipment
P - Partition
O^
S - Screen
T - Stools for target lights
U - Subject
Figure 1. Plan of the room and experimental set-up.
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There was a gap left at the middle to allow a partition
with the screen hung on both sides. This arrangement separated
the right and the left half of the screen and enabled the
presentation of different background luminances on the two sides
at the same time.
The height of the board was 78 inches and it measured
81 inches from the front to the back end. The front edge had a
width of 2 inches. White paper was pasted on the board and this
created a colorless uniform background in the subject's line of
vision.
The height of the ceiling was 11 feet but it did not
matter since the ceiling lay outside the subject's vision. The
distance between the screen and the wall behind was 110 inches
and thus there was enough space for the experimenter to move
around with ease, and make the necessary changes as and when
required.
The distance between the subject and the front edge of
the board was 42 to 45 inches. The screen provided a background
for two light sources called "target lights", and was illuminated
by floodlights. The target lights enclosed within wooden casings
were placed on stools and stood at a height of 34 inches from the
floor. Each target light was positioned at a distance of six
inches from the edge of the board on either side.
There were four floodlights, each housing a 300 Watt
incandescent lamp, and all of them being snapped on to a single
stand at the front end of the partition board. These floodlights
were fixed at a height of && inches from the floor such that the
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subject sitting in the chair positioned in front of the board
could not notice them overhanging -from the stand, nor did these
lights -fall within the periphery o-f the subject's vision.
A sketch and a photographic view o-f the experimental
set-up are shown in Figures 1 and 2 (a), <b) , Si (c) respectively.
ft sketch o-f the wooden casing, enclosing the tungsten halogen
lamp, is shown in Figure 2 (d)
.
Experimental Design
Based on previous studies and also the pilot study, it
was decided that a "same subjects" design would be used. In other
words, all the subjects would be run through all the treatment
combinations.
The selection o-f the treatments was another procedure.
Because o-f the high number o-f levels -far each of the independent
variables and the concept of using the left and right side of
the partition, the number of treatment combinations turned out to
very large. To reduce the number of conditions it was decided to
go through a procedure of "confounding" the design.
Independent variables. There were two independent variables
used in the experiment. They were : (1) Target light luminance,
and (2) Background light luminance.
There were six levels of target luminance, viz., 10, 32,
100, 320, 1000, and 3200 foatLamberts (fL) , and they were
balanced between left and right sides.
There were five levels of background luminance used,
viz., 2, 5, 10, 20, and 50 fL, and they too were balanced between
the left and the right sides.
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If each target luminance was combined with every other
level, without repeating any combination or pairs, a total of 15
pairs or combinations o-f target luminances would result.
Likewise, if each background luminance were paired with every
other level, a total o-f ten pairs or combinations would be
obtained. Thus, a combination of 15 target luminances and 10
background luminances would have given 150 treatment combinations
for each subject, and hence an equal number of trials. Such a
task is not impossible, but would have been lengthy. To avoid
this, a method was adapted to "confound" the design.
Confounding is a device which enables the investigator
to use a relatively small sized block in order to increase
precision, at the expense of a sacrifice of information an
certain interactions that ars expected to be negligible. In other
words, when one variable co-varies with another such that their
separate effects cannot be found, then they are confounded.
In this experiment, it was decided to design the
treatment combinations on the basis of the factor called
luminance ratio which as mentioned earlier, is the ratio of one
luminance to another luminance.
With the available levels of target and background
luminance, it was passible to obtain (6x5) = 30 levels of
luminance ratios. Df these, eight levels af luminance ratios
could be obtained by two different combinations of target and
background luminances. For example, the luminance level of 50
could be obtained by target/background combination of 100 fL / 2
fL and also 1000 fL / 20 fL. Hence, in all 22 levels of
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target/background luminance ratios were obtained.
An observation of these luminance ratios revealed that
two of the levels could be eliminated when compared with the rest
of the other levels. These two levels were 0.64 and 1600. The
reasons for eliminating these levels were based on the pilot
study. There were two levels of "negative luminance ratio", viz.,
0.2 and 0.5, used in this experiment. The luminance ratio is
called "negative" when the background is brighter than the
target. The level 1600 was eliminated in this study because the
pilot study had revealed that the level 500 was bright enough and
almost all the subjects did not like to look at lights at this
luminance level. Since a different experimental set-up was used
here, it was decided to test this level once again and also go a
step higher in the use of the luminance level, than that used in
the pilot study.
With the elimination of the two luminance levels, it was
decided to form a 20x20 square matrix with the twenty levels of
luminance ratios (Figure 3). Now, smaller sized 4x4 matrices were
formed along both the diagonals. Along the first diagonal , which
went from the left-hand top-corner downwards to the right, and
within each 4x4 matrix, the combination of each contrast with
every other level was considered. This resulted in six treatment
combinations for each matrix along this diagonal. Since there
were five sets of matrices, it resulted in (6x5) = 30 treatment
combinations along this first diagonal. Along the other diagonal,
only those treatment combinations which were unique and were
different from any other combination, were selected. Only eight
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such passible combinations could be obtained. Thus, a total of
(30+B) = 38 treatment combinations were made possible.
Consequently, the number of trials for each subject was also 38.
Dependent variables (Responses). Three kinds of responses
were measured :
1. The number of times the subjects looked at the lights at
each level of luminance.
2. Subjective response on the pleasantness of the lights.
3. Time taken to respond.
Power of the test. Cohen (1969) defines power of a
statistical test as ! " The power of a statistical test of a
null hypothesis is the probability that it will lead to the
rejection of the null hypothesis, i.e., the probability that it
will result in the conclusion that the phenomenon exists". The
power of the test depends mainly on thr sample size and the
effect size. In Cohen's words (1969), "effect size means the
degree to which the phenomenon is present in the population, or
the degree to which the null hypothesis is false".
For this experiment, the effect size was assumed to be
"medium", i.e., in Cohen's terminology, d = 0.50
Significance level, a « 0.05
Number of subjects or sample size, n = 20
Therefore, the power of the test (obtained from Cohen's
power tables) = 0.46
This meant that the likelihood a statistically
significant result could be achieved in this experiment was 0.46.
In other words, under the assumptions, the probability that the
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phenomenon in the hypotheses would be proved is 0.46. Significant
test results would suggest that actual effect sizes Are larger
than hypothesized.
Subjects
Unless material incentives are offered, it is always
difficult to recruit subjects for this kind of experiment. Since
this experiment did not involve the study of responses of people
belonging to any particular group, they were drawn incidentally
from the papulation of students at Kansas State University. An
essential factor was the willingness of the subjects to
participate and co-operate in the experiment. Another important
criterion on which the subjects were recruited was that they
should have a pair of properly functioning eyes or at least have
corrected vision.
Most of the subjects recruited for this study were
friends and acquaintances of the experimenter. The subjects
belonged to different ethnic origins and educational backgrounds.
Besides Americans, there were subjects from India, China,
Pakistan, Japan and Iraq. Most of them were graduate students and
were from the following educational backgrounds : Industrial
Engineering, Civil Engineering, Mechanical Engineering, Computer
Science, Chemistry, Education, and Arts.
Each subject took about 60 minutes to run through the
experiment. Twenty subjects were recruited and their ages varied
from 18 years to 48 years. Sixteen male and four female subjects
were used.
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Apparatus
Besides the -floodlights to illuminate the screen and the
partition, there were tungsten halogen projector lamps -for the
target lights, a trans-former to meet the -fixed voltage
requirement o-f these lights, a timer, a desk lamp, a Variac -for
each pair o-f -floodlights (left and right o-f the partition) and a
switch panel to control all.
Each target light was enclosed within a long wooden
casing and it had a scale (in inches) attached to it through an
opening at one end (as shown in the sketch, Figure 2 d). This
enabled one to know the position o-f the light, in inches, within
the box from the other end, by directly reading of-f from the
scale. The other end had a 2"x2" opening and was covered by a
milk glass, cut to that size, to diffuse the high intensity
projector lamps. This end also had slots inside the casing for
two neutral density filters (having transmittances of 10 7. and 1
X)
.
These filters were used to control the transmittance and
hence the luminance of each target light without changing color.
A fan was provided for each target light to dissipate the heat
generated, through another opening at the side of the casing.
There was a transformer used to control the luminances,
for each pair of floodlights on either side of the partition. A
timer was used to measure the response time of the subjects. This
was the time that the subjects took to look at one or the other
light as soon as the target lights were turned on. The timer was
connected to a circuit such that one switch (far the
experimenter) could turn it on and another switch (for the
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subject) could turn it off.
There was also a desk lamp behind the screen on the
table along with the other equipment to help the experimenter do
his work during the experiment when the ceiling lights were
turned off. A second desk lamp was provided for the subject to
aid him/her write observations.
Controls
The experimenter was in control of the timer and the
independent variables, the target luminances and the background
luminances on both sides of the partition.
The luminance of the target lights was varied by
changing the position of the tungsten—halogen projector lamp
within the wooden casing, moving it either towards or away from
the subject. The neutral density filters, mentioned earlier, were
also used to control the target luminance.
The background luminance was controlled by means of a
Variac to vary the voltage of each set of floodlights separately.
Thus, different background luminances could be obtained an both
sides of the partition.
The timer was hooked on to two switches one for the
experimenter, to turn it on, and the other for the subject to
turn it off. The subject was not informed regarding the function
of this switch to eliminate introduction of any bias. Another
factor that was taken into account to eliminate bias was in
making the changes in the target and background luminances for
each trial. The experimenter made these changes alternately for
both the sides so that the subject would not look to one side,
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e.g., the side in which the experimenter always made the changes
first. Depending on the target and the background luminances, it
took about 50 to 70 seconds to effect the changes for each trial.
Assignment and sequence of conditions
The thirty-eight treatment combinations o-f target
luminance and background luminance, and their luminance ratios
are shown in Table 2. Each of these luminance ratio combinations
was randomly assigned to the subjects. This randomization of the
luminance ratios for each subject helped eliminate any kind of
bias in the pattern of presentation of the conditions.
Observation of the table reveals that almost all the
luminance ratios were presented four times, twice an each side
(left and right). But there were four levels of luminance, viz.,
10, 16, 20, and 32 which did not follow suit. These were
presented only three times each and was the result of the design
of the experiment.
Pleasantness scale
The Pleasantness scale provided to the subjects had
labels from "Very Unpleasant" to "Very Pleasant" with
corresponding numbers from "-7" to " 7" (Figure 4).
Criteria. The subjects were told that there was nothing
right or wrong in their judgment on the pleasantness of the
lights. It was entirely their opinion using the Pleasantness
scale, mentioned above.
Procedure
Upon arrival, the subject was asked to read the
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TABLE 2
Treatments or Conditions presented on the left and right sources.
Trial Luminance Ratio Trial Luminance Ratio
number Left Right number Le-ft Right
1. 0.2 0.5 20. 100.0 50.0
2. 1.0 0.2 21. 50.0 160.0
3. 0.2 1.6 22. 64.0 100.0
4. 0.5 1.0 23. 160.0 64.0
5. 1.6 0.5 24. 100.0 160.0
6. 1.0 1.6 25. 200.0 320.0
7. 2.0 3.2 26. 500.0 200.0
8. 5.0 2.0 27. 200.0 640.0
9. 2.0 6.4 28. 320.0 500.0
10. 3.2 5.0 29. 640.0 320.0
11. 6.4 3.2 30. 500.0 640.0
12. 5.0 6.4 31. 640.0 0.2
13. 10.0 16.0 32. 0.5 500.0
14. 20.0 10.0 33. 320.0 1.0
15. 10.0 32.0 34. 1.6 200.0
16 16.0 20.0 35. 160.0 2.0
17. 32.0 16.0 36. 3.2 100.0
IB. 20.0 32.0 37. 64.0 5.0
19. 50.0 64.0 38. 6.4 50.0
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TABLE 2 (Supplement).
Target and Background Luminances -far each Luminance Ratio.
Luminance Ratio Targ Luminance (fL> Bckgrnd Luminance <*L)
0.2 10 50
0.5 10 20
1.0 10 10
1.6 32 20
2.0 10 5
100 50
3.2 32 10
5.0 10 2
100 20
6.4 32 5
320 50
10 100 10
16 32 2
320 20
20 lOO 5
1000 50
32 320 10
50 100 2
1000 20
64 320 5
3200 50
100 1000 10
160 320 2
3200 20
200 1000 5
320 320O 10
500 1000 2
640 3200 5
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7 -
6 -
5 -
4 -
3 -
2 -
1 -
O -
-1 -
-2 -
-3 -
-4 -
-5 -
-6 -
:
- Very Pleasant
- Pleasant
- Moderately Pleasant
- More Pleasant than Unpleasant
— Average
— More Unpleasant than Pleasant
— Moderately Unpleasant
— Unpleasant
-7
—
i— Very Unpleasant
I
Figure 4. Pleasantness Scale
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instruction sheet (Figure 5) and sign the "in-formed consent -form"
(Figure 6) before starting with the main experiment.
The subject was seated in front of the target lights and
the screen at a viewing distance of 102 - 105 inches. The
partition board between the target lights extended 58 inches from
the screen to the subject, leaving a clearance of 44 - 47 inches
between the front end of the board and the subject.
The subject was instructed to sit upright in his chair
such that he/she could look at both the target lights at the same
time, without having to move his/her head. The ceiling lights
were turned off during the whole period of the experiment. The
floodlights were turned an and set at the required levels for the
first trial.
At the start, the subject was instructed to look
straight ahead and concentrate on a black round "spot"
, about an
inch in diameter, painted on a white background an the front edge
of the partition board. This spot was kept at the eye level.
Task. The target lights, also set at the required levels of
luminance for the first trial, were then turned an. As soan as
these lights went on, the subject's task was to look at one or
the other light, whichever he/she chose. He/she then pressed a
red button immediately and this (unknown to the subject) recorded
the time on the timer. The target lights were still turned on,
and the subject was instructed to rate the pleasantness of both
the lights (the target light on the left was called source "A"
and the one an the right was called source "B"), using the
pleasantness scale. He/she was also instructed to make a check
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INSTRUCTIONS
You are about to participate in an experiment involving
different levels of illumination. There is nothing right or wrong
in this experiment. You should not be worried about your
performance. It is not what I am looking for.
A sheet of paper and a pencil are provided to be used
during the course of this experiment. A "Pleasantness Scale" is
also provided for you to rate the pleasantness of the light.
Before we start with the experiment, let me assure you
that there is no risk involved.
There are two light sources (called target lights) in
front of you with a partition separating one from the other. Sit
upright in the chair such that when you look straight both the
target lights come into your line of sight without having to move
your head. The screen at the front provides a background and it
shall be illuminated by floodlights to different levels on both
sides of the partition.
At the start you will look straight and concentrate on
the "spot" between the target lights. The ceiling lights will be
turned off and the floodlights turned on.
The target lights will now be turned on. As soon as
these lights go on, quickly look at one or the other light.
Quickly press the red button of the switch given to you. Now,
using the ratings of the "Pleasantness Scale", from -7 (very
unpleasant) to 7 (very pleasant), rate the pleasantness of the
Figure 5. Instruction sheet for the subjects.
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selected combination of lights. Then rate the pleasantness of the
other combination. It is important that you press the red button
be-fore doing anything, even writing!
Write down the ratings o-f both the combinations in the
appropriate places on the sheet o-f paper provided. Make a check
mark beside the combination you looked at -first. The target
lights will now be turned off. This is the end of trial 1.
Once again you will concentrate on the "spot" between
the target lights ready -for the next trial while I change the
illumination levels. The target lights will be turned on again.
You will react and look at one source or the other and -follow the
same steps as before.
This will be continued -for different illumination levels.
After going through 38 trials as above, you will go
through 11 more trials. During the first six trials, the
background luminance will be held constant while the target
luminances will be varied. You will rate these combinations again
using the "Pleasantness Scale" and also write whether each
source was "glaring" or "not glaring". Likewise, during the next
five trials, the target luminance will be held constant and the
background luminances varied while you rate these combinations
and write whether they were "glaring" or "not glaring".
In cook—book style, the instructions can be summed up in
the following steps:
1. Look straight on the "spot" between the lights.
Figure 5 (contd.). Instruction sheet for the subjects.
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2. Choose one of the combinations of lights as soon as
target lights are turned on.
3. Press the red button given to you.
4. Rate the pleasantness of the selected combination of
lights.
5. Rate the pleasantness of the other combination of
lights.
6. Write down the ratings in the appropriate places.
7. Make a check mark beside the combination looked at
first.
8. Repeat above steps for the first 38 trials.
9. Now rate each combination of lights as they would be
presented and write whether "glaring" or "not glaring"
beside each of them.
As mentioned earlier, there will be no discomfort nor
risk in this experiment. However, you are free to stop your
participation at any time. Naturally I would prefer that you
continue until the end so that I can get all of the needed data.
If you have any questions, now or later, feel free to ask.
Thank you for your co-operation.
Figure 5 (contd.). Instruction sheet for the subjects.
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INFORMED CONSENT
Having read the attached instructions, I hereby -freely
agree to be a subject in the research entitled " A Behavioral
Approach to Lighting Pleasantness ".
Date Signature o-f subject.
NAME
AGE SEX.
EDUCATION
Figure 6. In-formed Consent Sheet -for the Subjects.
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mark beside the the light whichever he/she looked at -first. The
observation sheet -for the subject is shown in Figure 7. The
timer recorded the response time and this was noted by the
experimenter on the observation sheet -for the experimenter
(Figure 8)
.
After the subject had -finished rating the lights and
made the check mark, he/she told the experimenter and the target
lights would then be turned off.
The necessary changes for the target lights and the
background lights were then made for the next trial and once
again the subject went through the above steps. This was
continued for the 38 different combinations or treatments.
Having gone through these 38 trials, the subject was
asked to rate only one set of lights (source "A" or source "B")
once again and give their opinion as to whether they were
"glaring" or "not glaring" as the case may be. At first, the
middle value of the background luminances used, viz., 10 fL, was
held constant and the target luminances were varied. Subjective
responses were obtained from each of these. Next, the target
luminance was held constant at a middle value, viz., 210 fL, and
the background luminances varied. Subjective responses were
obtained as before. There were five levels of background
luminance and six levels of target luminance, and hence 11 such
trials for each subject.
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OBSERVATIONS
TRIAL
NO.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
SOURCE "A'
RATING
!
SOURCE B
RATING
TRL
! NO.
I
—
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
SOURCE ' A ' ! SOURCE ' B
'
RATING RATING
Make check mark beside combination looked at -first.
Figure 7. Observation sheet for the subject.
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OBSERVATIONS (CONTD.
)
Figure 7 (contd.). Observation sheet -for the subject.
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TREATMENTS & OBSERVATIONS
TRIAL ! LEFT LEFT LEFT
i
NO.
1.
2.
3.
4.
5.
6.
7.
S.
9.
10.
11.
12.
13.
14.
15.
16.
17.
ia.
19.
20.
21.
BCKGR TARG CONT
(fL) <fL)
RIGHT RIGHT RIGHT
BCKGR TARG CONTR
(fL) (*L>
RESPONSE
TIME
(sees)
Figure 8. Observation sheet -for experimenter.
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TREATMENT AND OBSERVATION
TRIAL LEFT LEFT LEFT RIGHT RIGHT RIGHT RESPONSE
NO. BCKGR TARG CONT BCKGR TARG CONTR TIME
<fL) <fL) (fL> (fL) (sees)
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
Figure 8 (contd). Observation sheet for experimenter.
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RESULTS
There were three kinds af responses the subjective
ratings an the pleasantness of the lights, the number of times
that the subjects looked at the lights and the response time. The
raw data -for each of these responses are -furnished in Appendix A.
Each kind of response was analyzed independently and is
presented below.
Pleasantness Ratings
The treatments were randomized far each subject and the
subjects rated both the lights (lights on both sides of the
partition)
.
The pleasantness ratings were analyzed in two different
ways : (1) a one-way classification with respect to the luminance
ratio, and (2) a two-way classification with respect to the
independent variables, target luminance and background luminance.
The Statistical Analysis System (SAS) was used to pet
—
form the analysis of variance (ANOVA) procedure on the data. When
the data were analyzed two-way with respect to the target
luminance and the background luminance there were 560
observations; and when the data were analyzed as a one-way design
with respect to the luminance ratio there were 400 observations.
This decrease in the number of observations was due to the
repetition of eight of the levels of luminance ratios obtained
from different combinations of target and background luminances.
Analyzing the data an pleasantness ratings as a one-way
design, the ANOVA (Table 3) showed that there were significant
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TABLE 3
Analysis o-f Variance Procedure far Ratings
Source DF Sura o-f Mean Square F Value PR > F
Squares
Luminance 19 850.885 44.783 10. 28 0.0001
Ratio
Error 380 1656.026 4.358
Corrected 399 2506.911
Total
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differences in the ratings among the different luminance
ratios, at the 0.05 level. Duncan's Multiple Range Test was also
performed and an observation of the table (Table 4) showed that
the mean rating was highest, 2. S3, for the luminance ratio 10,
and was the lowest, -2.83, for the luminance ratio 640. A plot of
these mean ratings versus the logarithm of the luminance ratios
is shown in Figure 9.
When the data were analyzed as a two-way design, the
target luminance and the background luminance were the factors.
The ANOVA carried out an this data set revealed that there were
significant differences in the ratings among the target
luminances but no significant differences among the background
luminances, at the 0.05 level. There was also an interaction
between the target and the background luminances (Table 5).
A pairwise comparison was done on the target luminances.
The upper and lower confidence limits of the pleasantness ratings
and the difference between means were also computed. The pairs
which were statistically significant are indicated in this table
(Tables 6). The mean ratings of the different combinations of
target and background luminances are shown in Table 7. The
highest rating was 2.B75 it corresponded to the target
luminance 320 fL and background luminance 5 fL. The lowest
rating (-2.825) was found to correspond to the target luminance
of 3200 fL and background luminance of 5 fL. Duncan's Multiple
Range Test was done on the ratings for each of the target
luminances (Table 8). There was no significant difference
between the luminances 100 and 320 or 30 and 100 fL. Among the
53
TABLE 4
Duncan's Multiple Range Test -for Variable: Rating
Duncan Grouping Mean N Contrast
A 2.5325 20 10
A
A 2.5170 20 32
A
B A 2.2250 20 16
B A
B A 2.2250 20 6.4
B A
B A 1.8375 20 5
B A C
B A c 1 . 7250 20 3.2
B A c
B A c 1 . 5250 20 50
B A c
B A c 1 . 4625 20 20
B A c
B A c 1.4125 20 1.6
B A c
B A c 1 . 3750 20 200
B A c
B A c 1 . 3625 20 100
B A c
B D A c 1 . 0250 20 64
B D A c
B D A c 0.9625 20 2
B D c
B D c 0.7125 20 500
B D c
B D
D
c
c
0.7000 20 160
D c 0.6250 20 1
D
D E
E
- 0.3750 20 0.5
F E - 1.4500 20 0.2
F
F - 2.2000 20 320
F
F - 2.8250 20 640
r = -0.16
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Figure 9. Plot of Mean Rating Vs Log Luminance Ratio
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TABLE 5
Two-May Analysis of Variance Procedure on Ratings
Source DF Sum of Squares Mean Square
Model 27 1316.,004 48.,741
Error 532 3013.,210 5.,664
Corrected 559 4329.,215
Total
PR > F = 0.0001
Source DF Type I SS F Value PR > F
Target 5 1130.,294 39,,91 0.0001
Bckgrd 4 17..263 0,,76 0.5504
Target*Bckgrd 18 168.,448 1.,65 0.0440
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TABLE 6.
T TESTS (LSD) FOR VARIABLE: RATING (Pairwise Comparison)
NOTE: THIS TEST CONTROLS THE TYPE I CO MPARISONWISE ERROR RATE,
NOT THE EXPERIMENTWISE ERROR RATE.
ALPliA=0.05 CONFIDENCES. 95 DF=532 MSE=5. 66393
CRITICAL VALUE OF 1-1.96403
COMPARISONS SIGNIFICANT AT THE 0.05 LEVEL ARE INDICATED BY '***'
TARGET CONFIDENCE BETWEEN CONFIDENCE
COHPA BISON LIMIT MEANS LIMIT
320 _ 100 -0.289 3 0.3719 1.0331
320 - 32 0. 1065 0.8078 1.5090 ***
320 - 1000 0.8772 1.5384 2. 1996 ***
320 - 10 1.8772 2.5384 3. 1996 ***
J20 - 3200 3.6096 4.3109 5.0122 ***
100 - 320 -1.0331 -0.3719 0. 289 3
100 - 32 -0.2654 0.4359 1. 137 1
100 - 1000 0.5053 1.1665 1.8 277 ***
100 - 10 1.505 3 2. 166 5 2.8277 ***
100 - 3 20 3.2377 3.9390 4.6 40 3 ***
32 - 320 -1.5090 -0.8078 -0. 1065 ***
3 2 - 100 - 1. 137 1 -0.4359 0.2654
32 - 1000 0.0294 0.7306 1.4319 ***
32 - 10 1.029 4 1.7306 2.4319 ***
32 - 3200 2.763 9 3.5031 4.2423 ***
1000 - 320 -2. 1996 -1.5384 -0.8772 ***
1000 - 100 - 1.8277 -1. 1665 -0.5053 ***
1000 - 32 -1.4319 -0.7306 -0.0 29 4 »*»
1000 - 10 0.3388 1 .0000 1.6612 ***
1000 - 3200 2.0712 2.7725 3.4738 *»*
10 - 320 -3. 1996 -2.5384 -1.8772 ***
10 - 100 -2.8277 -2. 1665 -1.5053 ***
10 - 32 -2.4319 -1.7306 - 1 . 29 4 • **
10 - 1000 - 1.66 12 -1.0000 -0.3388 ***
10 - 3200 1.0712 1.7725 2.4738 ***
3200 - 320 -5.0122 -4.3109 -3.6096 ***
3200 - 100 -4.6403
-3.9390 -3.2377 »**
3200 - 32 -4.2423 -3.5031 -2.7639 »**
3 200 - 1000 -3. 4738 -2.7725 -2.0712 *»*
3200 - 10 -2.4738 -1.7725 -1.0712 *»*
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TABLE 7
Means o-F Ratings far Each Target and Background Luminances
Target Bckgrd N Rating
10 2 20 0.850
10 5 20 0.525
10 10 20 0.625
10 20 20 -0.375
10 50 20 -1.450
32 2 20 2.250
32 5 20 1.675
32 10 20 1.725
32 20 20 1.413
100 2 20 1.700
100 5 20 2.550
100 10 20 2.533
100 20 20 2.825
100 50 20 1.400
320 2 20 2.500
320 5 20 2.875
320 10 20 2.517
320 20 20 2.200
320 50 20 2.775
1000 50 20 0.713
1000 5 20 1.375
1000 10 20 1.363
1000 20 20 1.350
1000 50 20 0.375
3200 5 20 - 2.825
3200 10 20 - 2.200
3200 20 20 - 1.100
3200 50 20 - 0.825
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TABLE 8
Duncan's Multiple Range Test on Ratings for Each Target Luminance
Duncan Grouping Mean N Target
A
A
B A
B
B
C
D
E
2.5734 100 320
2.2015 100 100
1 . 7656 80 32
1 . 0350 100 1000
0. 0350 100 10
- 1.7375 80 3200
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others, 10, 1000 and 3200 seemed to be significantly different
from one another and also from the other values, viz. , 32, 100
and 320 fl_.
Number of times subjects looked at the different lights
Because of the way that the experiment was designed,
every luminance level, but four, was presented four times during
the experiment at random intervals. The four levels which were
presented only three times each during the experiment, at random
intervals, were 10, 16, 20 and 32. The other sixteen levels were
presented twice on each side of the partition at different
times.
The number of times that each subject looked at the
lights was counted and an attempt was made to relate their
looking behavior to the luminance ratio of the lights. There were
times when some subjects completely avoided looking at lights of
a certain luminance ratio, i.e., they never looked at certain
lights.
An AN0VA procedure was done on the raw data and the
results showed (Table 9) that there were significant differences
in the number of times that people looked at the different lights
at the 0.05 level. A Duncan's Multiple Range Test (Table 10) was
done and it showed that the mean number was highest, 3.2, for the
luminance ratio 640, while the least number was 0.4 for the
luminance ratio 0.2. A plot of these mean numbers against the
logarithm of the luminance ratios is shown in Figure 10.
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TABLE 9
Analysis o-f Variance Procedure on Number
Source DF Sum of Squares Mean Square
Luminance Ratio 19 249.248 13.113
Error 380 221.950 0.584
Corrected Total 399 471.198
Model F = 22.46 PR > F = 0.0001
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TABLE 10.
DUNCAN'S dULTIPLE RANGE TEST FOR VARIABLE: NOHBER
NOTE: THIS TEST CONTROLS THE TYPE I COMPARISONWIS E ERROR RATE,
NOT THE EXPERIMENT WISE ERROR RATE.
ALPHA=0.05 DF=380 SSE=0. 584079
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
DUNCAN GROUPING
A
A
B A
B A
B A C
D A c
B A C
B C
B c
B c
B D c
D c
E D c
K D c
E D c
E D c
E D c
E D
E D F
E F
E F
F
G ?
G 7
II G F
H G t?
B I G F
H I G
H I G J
H I J
H I J
I J
I J
J
r J
K
K
K
K
MEAN N LUM_RATO
3.2000 20 64
3.0000 20 160
2.7000 20 1.6
2.7000 20 320
2.6000 20 100
2.5000 20 6.4
2.1000 20 64
2.3500 20 500
2.3000 20 32
2.0000 20 1
1.9000 20 5
1.7500 20 50
1.7000 20 20
1.5500 20 200
1.2500 20 3.2
1.2000 20 16
1.1500 20 0.5
0.8000 20 10
o.eooo 20 2
0.4000 20 0.2
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Figure 10. Plot of Mean Number Vs Log Luminance Ratio
63
Response Time
Like the pleasantness ratings, the response time data
(the time taken by the subjects to look at one or the other
light) was analyzed in two ways: (1) First, classifying the data
as a one-way design with respect to the luminance ratio, and (2)
analyzing the data as a two-way design with respect to the major
-factors, target luminance and background luminance.
On analyzing the data as a one-way design, the 20
luminance ratios were regarded as the treatments as be-fore and
the ANOVA (Table 11) showed that there were significant
differences in the response times between the treatments at the
0.05 level. A Duncan's Multiple Range Test was also carried out
(Table 12) and an observation of the means showed that the
longest reaction time was 1.36 seconds at the luminance ratio
1.6, while the shortest value was 0.43 second at the luminance
ratio 0.2. These means were then plotted against the logarithm of
the luminance ratios (Figure 11).
When the response time data were analyzed as a two—way
design, the ANOVA (Table 13) showed significant differences in
the response times between the target luminances, the background
luminances, and there was an interaction between these two
factors at the 0.05 level. Tables 14 (a) and 14 (b) show the
pairwise comparisons of the target and background luminances
respectively. Duncan's Test was carried out individually on the
response times for each of the variables target luminance and
background luminance (Tables 15(a) and 15(b)). Also, the mean
response times for the different combinations of target and
64
TABLE 11
Analysis o-f Variance Procedure -for Response Times
Source DF Sum of Squares Mean Square
Luminance Ratio 19 23.697 1.247
Error 380 267.126 0.703
Corrected Total 399 290.822
Model F 1.77 PR > F = 0.0240
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TABLE 12
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: TIME
NOTE: THIS TEST CONTROLS THE TYPE I CO MPARISONHISE ERROR RATE,
NOT THE EXPEBIMENTHTSE EHHOB RATE.
ALPHA=0.05 DF=330 MSE=0. 702962
MEANS WITH THE SAME LETTER AHE NOT SIGNIFICANTLY DIFFERENT.
CAN GEOUPING
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B A
B A
B A
B A
B A
B A
B A
3 A
B A C
B A C
B A C
B A c
B A c
3 A C
B A c
B c
B c
c
c
MEAN N LUM_RATO
1.3590 20 1. 6
1.3260 20 1
1.2805 20 160
1.2520 20 6. 4
1.2355 20 100
1.2295 20 32
1.2220 20 5
1.2150 20 500
1.1730 20 3.2
1.1710 20 50
1.0970 20 0.5
1.0600 20 640
1.0510 20 320
1.0455 20 64
1.0030 20 16
0.8895 20 200
0.8395 20 20
0.8350 20 10
0.5405 20 2
0.4265 20 0.2
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TABLE 13
Two-Way Analysis of Times for Each Target and Background
Luminances
Source DF
Model
Error
27
532
Sum of Squares
60.078
382.610
Mean Square
2.225
0.719
Corrected Total 559
Model F = 3.09
442.688
PR > F = 0.0001
Source DF Type I SS F Value PR > F
Target 5 1 1 . 895 3.31 0.0061
Bckgrd 4 17.886 6.22 0.0001
Target*Bckgrd 18 30.297 2.34 0.0015
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TABLE 14(a).
T TESTS (LSD) FOR VARIABLE: TIME (Pairwlse comparison)
.
NOTE: THIS TEST CONTROLS THE TYPE I COMPARISONWIS E ERROR RATE,
HOT THE EXPSRIHENTWISE ERROR RATE.
ALPHA=0.05 CONFIDENCES. 9 5 DF=532 MSE=0. 719191
CRITICAL VALriE OF T=1- 96443
COMPARISONS SIGNIFICANT AT THE 0.05 LEVEL ARE INDICATED BY '***•
TARGET CONFIDENCE BETWEEN CONFIDENCE
COMPARISON LIP1IT MEANS LIBIT
320 _ 3200 -0.2138 0.0361 0.2859
320 - 1000 -0. 1839 0.0517 0.2873
320 - 32 -0.070 6 0.1793 0.4292
320 - 10 0.0839 0.3195 0.5551 ***
320 - 100 0.1333 0.3689 0.6045 ••*
3200 _ 320 -0.2859 -0.0 361 0.2138
3200 - 1000 -0.2342 0.0156 0.2655
3200 - 32 -0.1202 0.1432 0.4067
3 200 - 10 0.0336 0.2834 0.5333 ***
3200 - 100 0.0830 0.3328 0.5827 ***
1000 _ 320 -0.2873 -0.0517 0. 1839
1000 - 3200 -0.2655 -0.0156 0.2342
1000 - 32 -0.1223 0.1276 0.3775
1000 - 10 0.0322 0.2678 0.5034 **»
1000 - 100 0.0816 0.3172 0.5528 . ***
32 - 320 -0.4292 -0.1793 0.0706
32 - 3200 -0.4067 -0.1432 0. 1202
32 - 1000 -0.3775 -0.1276 0. 1223
32 - 10 -0. 1097 0.1402 0.3901
32 - 100 -0.0603 0.1896 0.4 39 5
10 - 320 -0.5551 -0.3195 -0.0839 ***
10 - 3200 -0.5333 -0.2834 -0.0336 ***
10 - 1000 -0.5034 -0.2678 -0.0 322 ***
10 - 32 -0.3901 -0.1402 0. 1097
10 - 100 -0. 1862 0.0494 0.2850
100 - 320 -0.6045 -0.3689 -0. 1333 ***
100 - 3200 -0.5827
-0.3328 -0.0830 ***
100 - 1000 -0.5528 -0.3 172 -0.0816 *«*
100 - 32 -0.4395
-0.1896 0.0603
100 - 10 -0.2850
-0.0494 0. 1862
TABLE 14(b).
T TESTS (LSD) FOR VARIABLE: TIME (Pairwise comparison)
.
NOTE: THIS TEST CONTROLS THE TYPE I COHPAHISON WIS E ERROR RATE,
HOT THE EXPERIMENTWISE ERROR RATE.
ALPHA=0.05 CONFIDENCES. 95 DF=532 MSE=0. 719191
CRITICAL VALUE OF T=1. 96443
COHPARISONS SIGNIFICANT AT THE 0.05 LEVEL ARE INDICATED BY •***•
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BCKGRD
COHPARISON
10 - 20
10 - 2
10 - 50
10 - 5
20 - 10
20 - 2
20 - 50
20 - 5
2 - 10
2 - 20
2 - 50
2 - 5
50 - 10
50 - 20
50 - 2
50 - 5
5 - 10
5 - 20
5 - 2
5 - 50
LOWER DIFFERENCE UPPEH
CONFIDENCE BETWEEN CONFIDENCE
LIMIT MEANS LIMIT
-0. 1277
0.1237
0. 1777
0.2198
-0.3025
0.0363
0.0903
0. 132 3
-0.5748
-0.4874
-0. 1816
-0. 1400
-0.6288
-0.5414
-0.2896
-0. 1940
-0.6499
-0.5625
-0.311 1
-0.257 1
0.0874
0.3 49 3
0.4033
0.4348
-0.0874
0.2618
0.3158
0.3474
-0.3493
-0.2618
0.0540
0.0856
-0.4033
-0.3158
-0.0540
0.0316
-0.4348
-0.3 474
-0.0856
-0.0316
0.3025
0.5748 ***
0.6 28 8 ***
0.6499 ***
0. 1277
0.4874 ***
0.5414 *»*
0.5625 »*»
0. 1237 ***
0.0 363 ***
0.2896
0.3111
•0. 1777 ***
0.0903 ***
0. 1816
0.2571
0.2198 ***
0. 1323 ***
0. 1400
0. 1940
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TABLE 15(a).
cnacas's multiple basgs test for variable: time
BOTE: THIS TEST CONTROLS THE TYPE I CO MPABICOK PIS I ZEE OR KATE,
NOT THE EXPEHIK2STWZ3E ERROR RATE.
ALPKA = 0.03 DF = '332 dSE=0. 7 19191
WARNING: CELL SIZES ARE NOT SQOAL.
uARMCNIC KZAN OP CELL SI7ES=92. 3 077
"BANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
DUNCAN GROUPING MEAN H TARGET
A 1.0583 100 320
A
A 1.0222 SO 3200
A
A 1.0066 100 1000
A
B A 0.8790 80 32
B
B 0.7380 100 10
B
B
. 0.6894 100 100
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TABLE 15(b).
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: Till 7'.
K0T2: THIS TEST COHTEOLS THE TYPE I CO WABIS0N1TIS2 ERROR BA'E
ROT THE SXPSRIHSBTSISS ERROR PATE.
ALPHA=0.05 DF=532 MSE=0. 719191
WARNING: CELL SIZES ARE HOT EQUAL.
HARH08IC MEAN OF CEIL 3IZZS= 1 1 1. 11 1
MEANS WITH 1 HE SA1E LETTER ARE NOT SIGNIFICANTLY DIFFERENT.
DUNCAN GROWING 2EA!' N ECKGPD
A 1.1417 120 10
A
A 1.0542 120 20
S 0.7924 100 2
B
B 0.7384 100 50
B
B 0.7063 120 -.5
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background luminances are shown in Table 16.
Correlations between the variables
The correlations between the independent and the depen-
dent variables were computed. Luminance ratio was treated as the
third independent variable besides target and background
luminances. Also, the logarithms of the luminance ratios
("LUMRAT") was considered as another variable. The mean values
of the dependent variables, rating, number o-f times people looked
at the lights, and response time corresponding to each of the
luminance levels, formed the data set. These correlation
coefficients are shown in Table 17.
The treatments or the conditions to which all the
subjects were exposed are shown in Table IS. Specifically, the
conditions that were presented the luminance level on the
left (UFT_CON) and the luminance level on the right (RET_CON)
for each trial, are shown in the table. They were randomized for
each subject. The ratio of the left to the right luminance levels
was calculated too C"L_R_RATD"> . The number of subjects that
looked at the higher or the lower luminance levels was
determined. It was observed that the subjects almost always
tended to look at the brighter lights. Quantitatively, subjects
looked at the brighter lights 87 percent of the time. Table 19
shows the correlation between the different variables. A plot of
the mean ratings versus the mean number of people looking at the
different lights was obtained and these observations are shown in
Figure 12.
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TABLE 16.
Mean Response Times for combinations of target and background
luminances.
MEANS
TARGET BCKGHD
10 2
10 5
10 10
10 20
10 50
32 2
32 5
32 10
32 20
100 2
I00 5
100 10
100 20
100 50
32 2
320 5
320 10
320 20
32 50
1000 2
1000 5
10 00 10
1000 20
1000 50
3200 5
3200 10
3200 20
3200 50
TIME
20 0. 76500000
20 0. 07950000
20 1. 32600000
20 1. 09700000
20 0. 42650000
20 0. 23100 000
20 0. 75300000
20 1. 17300000
20 1. 35900000
20 0. 53850000
20 0..70000000
20 0. 83500000
20 0. 91250000
20 0.,116100000
20 1,,21250000
20 0.,74700000
20 1.,22950000
20 0.,82950000
20 1.,27300000
20 1. , 21500000
20 0,,88950000
20 1. , 23550000
20 1,,00050000
20 0.,69250000
20 1.,07200000
20 1.,05100000
20 1. , 12700000
20 0.,83900000
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TABLE 17
Correlation Between Di-f-ferent Variable
Contr Bckgrd Trgt Rtg Time No. LUMRAT
Contrast 1.000 -0.378 0.804 -0.613 0.117 0.559 0.753
Bckgrnd -0.378 1.000 -0.153 0.007 -0.254 -0.221 -0.475
Target 0.804 -0.153 1.000 -0.677 0.029 0.549 0.708
Rating -0.613 0.007 0.677 1.000 0.228 -0.241 -0.160
Time 0.117 -0.254 O.029 0.228 1.000 0.675 0.242
Number 0.560 -0.221 0.546 -0.241 0.675 1.000 0.644
Lumrat 0.753 -0.475 0.708 -0.160 0.242 0.644 1.000
TABLE IB
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Anal ysis of Number o-f People Looking at Brighter or Di miner
Contrast
ObB Lft-Con Rgt-Con L-R-Ratio Brghtr Di miner
1 0.2 0.5 0.40 17 3
2 1.0 0.2 5.00 17 3
3 0.2 1.6 0.13 19 1
4 0.5 1.0 0.50 18 2
5 1.6 0.5 3.20 16 2
6 1.0 1.6 0.63 12 4
7 2.0 3.2 0.63 12 8
a 5.0 2.0 2.50 16 4
9 2.0 6.4 0.31 18 2
10 3.2 5.0 0.64 13 7
11 6.4 3.2 2.00 16 4
12 5.0 6.4 0.78 14 6
13 10.0 16.0 0.63 16 4
14 20.0 10.0 2.00 10 10
15 10.0 32.0 0.31 18 2
16 16.0 20.0 0.80 13 17
17 32.0 16.0 2.00 18 2
IB 20.0 32.0 0.63 11 9
19 50.0 64.0 0.78 10 10
20 100.0 50.0 2.00 17 3
21 50.0 160.0 0.31 15 5
22 64.0 100.0 0.64 12 8
23 160.0 64.0 2.50 9 11
24 100.0 160.0 0.63 16 4
25 200.0 320.0 0.63 14 6
26 500.0 200.0 2.50 16 4
27 200.0 640.0 0.31 IB 2
28 320.0 500.0 0.64 6 14
29 640.0 320.0 2.00 14 6
30 500.0 640.0 0.78 14 6
31 640.0 0.2 3200. 00 19 1
32 0.5 500.0 0.00 20
33 320.0 1.0 320.00 19 1
34 1.6 200.0 0.01 19 1
35 160.0 2.0 80.00 20
36 3.2 100.0 0.03 19 1
37 64.0 5.0 12.80 IB 2
38 6.4 50.0 0.13 18 2
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TABLE 19
Correlation Coefficients Between Computed Variables
L-ft-Con Rgt-Con L-R-Rato Brghtr Dimmer
L-ft-Con 1.000 0.459 0.504 -0.087 0.039
Rgt-Con 0.459 1.000 -0.115
-0.139 0.084
L-R-Rato 0.504 -0.115 1.000 0. 190 -0.176
Brighter
-0.087 -0.139 0.190 1.000 -0.912
Dimmer 0.039 0.084 -0.176 -0.912 1.000
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Figure 12. Plot of Mean Rating Vs Mean Number
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Independent Ratings for each luminance level
In a second part of the experiment, the subjects Here
instructed to rate, independently, the pleasantness of the lights
at each luminance ratio, presented only on one side o-f the parti-
tion. At the beginning, the background luminance was held
constant at the middle value, 10 fL, and the target luminance
varied. For each level, the subject was asked to rate the lights
and also indicate whether that particular level was "glaring" or
"not glaring". Then, the target luminance was held constant at
210 fL, the median of the target luminances used and the
background luminance varied and the subjects were asked to give
the same kind of responses as before. The mean ratings were
computed for each of the conditions and the number of subjects
for both the comments "glaring" and "not glaring" was
also found. These results are shown in Tables 20(a) and 20(b).
Also, a summary of the observations of the mean ratings and the
mean number of times looked at the lights is shown in Table 21.
Regression Models
The functional relationship between the independent and
the dependent variables may be expressed or approximated by some
simple mathematical function. This model building is an iterative
process whereby the relation between the independent and the
dependent variables or the unknown parameters are estimated
under certain assumptions with the help of available data and a
fitted equation is obtained. This method of analysis is called
regression analysis.
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TABLE 20 (a)
Independent Ratings of each Luminance ratio.
(Constant background luminance)
Bckgrd Target Average
Lumnce Lumnce Rating
<fL> <fL>
10
10
10
10
10
10
10
32
100
320
1000
3200
1.75
2.9
2.8
1.8
-0.55
-3.3
Number of Number of
times Glaring times not Glaring
1
2
9
18
20
20
19
18
11
2
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TABLE 20 (b)
Independent Ratings of each Luminance ratio.
(Constant target luminance)
Bckgrd Target
Lumnce Lumnce
<fL> (fL>
Average Number of Number of
Rating times Glaring times not Glaring
2 210 1.45 5
5 210 2.4 4
10 210 2.9 2
20 210 2.4 3
50 210 l.S 4
15
16
18
17
16
TABLE 21
Summary Table -far Ratings and Number
Logarithm o-f
Luminance Luminance
Ratio Ratio Rating Number Percent of Number
(Out o-f 4)
0.2 -0.699
-1.45 0.4 10
0.5 -0.30 -0.375 1.15 28.75
1 0.625 2 50
1.6 0.204 1.41 2.7 67.5
2 0.30 0.96 0.6 15
3.2 0.505 1.73 1.25 31.25
5 0.699 1.84 1.9 47.5
6.4 0.806 2.23 2.5 62.5
10 1 2.53 0.8 26.67 *
16 1.2 2.23 1.2 40 *
20 1.3 1.46 1.7 56.67 *
32 1.505 2.52 2.3 76.67 *
50 1.699 1.53 1.75 43.75
64 1.806 1.03 2.4 60
100 2 1.36 2.6 65
160 2.204 0.70 3.0 75
200 2.30 1.38 1.55 38.75
320 2.505 -2.2 2.7 67.5
500 2.699 0.71 2.35 58.75
640 2.806 -2.83 3.2 B0
- Percentage calculated out of 3.
82
The ANOVA an the dependent variables, ratings and the
response times (Tables 5 and 11, respectively) showed that there
was evidence of the existence o-f interaction between target and
background luminances -for both the dependent variables. Also,
when the data was plotted against the logarithm o-f the luminance
ratio, there seemed to be a definite trend in the curve and a
better plot of the responses at the initial values of luminance
ratios was obtained. Therefore, the logarithm of the luminance
ratio was considered as the third independent variable and it was
found that this factor had a high correlation with the target
luminance. For the dependent variable "number", which was the
number of times the subjects looked at the lights, there was no
interaction effect and the analysis to fit the best equation was
done with the three independent variables, target luminance,
background luminance and the logarithm of the luminance ratio.
Draper and Smith (1966) suggested model building methods
and these have been used to arrive at the "best" regression
equation for each of the response variables. Four methods of
model building were used for each dependent variable forward
selection procedure, backward elimination procedure, stepwise
regression method and the R_Square method.
Ratings. In the forward selection method for the ratings
(Appendix B)
,
an observation o-f the probability value or the
F_value showed that the final model would consist of the
following terms: the intercept, the logarithm of the luminance,
ratio, the background luminance, the target luminance and the
interaction factor (target luminance x background luminance). The
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corresponding R-square value was 0.769 and the Mean Square Error
0.65. The backward elimination procedure gave the fallowing
terms in the model: intercept, logarithm of the luminance ratio,
target luminance and the interaction -factor (target luminance x
background luminance). The corresponding R-square value was 0.76
and the Mean Square Error was 0.63. The stepwise regression
method gave the same result as the forward procedure. A
comparison of the R_Square values and the corresponding mean
square error <MSE) values showed that the model with the
logarithm of the luminance ratio, the target luminance and the
interaction factor was the best. The R_Square value far this
model was 0.76 and the corresponding mean square error, 0.63.
Number. This variable did not require any interaction factor
for its model. The forward selection procedure included target
luminance and the logarithm of the luminance ratio as the
predictor variables in the model. The corresponding R_Square
value was 0.43 and the Mean Square Error 0.42. The backward
elimination and the stepwise regression methods gave similar
results and included only the logarithm of luminance ratio in the
model. The corresponding R_Square value was 0.41 and an
observation of the mean square error values revealed that this
was 0.41. This is not a significant difference in the Mean
Square Values, and because of a high R-square value in the former
cases, the model obtained by those methods has been selected as
the "best" one.
ResEonsa limes. The forward lection method for the
response times showed that the background luminance was the only
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term to be included in the model with a corresponding R-square
value o-f 0.06 and Mean Square Value of 0.059. The backward elimi-
nation procedure, however, showed different results and the model
built was a simple linear regression equation with only the
intercept and no independent variables. The corresponding R-
square value was and the Mean Square Error was 0.06. The
stepwise regression showed the same result as the forward method,
ft comparison of the R_Square values (in the R-Square procedure)
revealed that none of the models could really be described as the
"best" model since these values were very low. The highest
R_Square value was observed to be 0.1099 and this model included
all the independent variables besides the interaction factor.
Because of these low R_Square values and as shown in the backward
elimination method, it is not passible ta build a model for the
dependent variable time.
Estimation of the Parameters of the Model
Having built the models for the dependent variables,
ratings and number, the estimation of the parameters of the
models was necessary. This involved computing the values of the
intercepts (B ) and the slopes (B ,B ,B , etc.) far each of the12 3
independent variables. The slope is the rate of change in the
mean of the dependent variable at a given value of the
independent variable.
Ratings. The estimates of the parameters, the actual and
predicted values, and the lower and upper 95 percent means of the
dependent variable, rating, are shown in Table 22. The following
were the estimates of the parameters :
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TABLE 22
Actual and Predicted Values and Confidence Interval o-f Ratings
Lower Upper Lower Upper
Predict 95X 95X 957. 957.
Dbs Actual Value Mean Mean Predict Predict
1 -1.450 -.049
-.964 0.866 -1.969 1.870
2 - .375 0.345 -.396 1.086 -1.498 2. 188
3 0.625 0.649 0.024 1.273 -1.151 2.448
4 1.413 0.833 0.278 1.3B9 - .943 2.610
5 0.963 0.955 0.423 1.487 - .815 2.724
6 1.725 1.128 0.641 1.614 - .494 2.884
7 1.828 1.251 0.805 1.698 - .275 2.997
a 2.225 1.503 0.942 2.063 - .233 3.281
9 2.533 1.515 1.058 1.972 - .233 3.264
10 2.225 1.832 1.315 2.349 0.067 3.597
11 1.463 2.033 0.539 3.527 - .221 4.287
12 2.517 1.647 1.155 2.138 - . Ill 3.404
13 1.515 1.100 0.553 1.647 - .674 2.B74
14 1.025 1.884 1.282 2.485 0.092 3.675
15 1.025 0.961 0.476 1.446 - .795 2.841
16 0.700 2.248 1.477 3.020 0.396 4.104
17 1.375 1.046 0.436 1.656 - .748 2.B41
IB -2.200
-2.379
-3.533 -1.225
-4.423 - .334
19 0.713 1.320 0.525 2.114 - .546 3. 185
20 -2.830 -2. 785 -4.010 -1.561 -4.870 -
.700
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Intercept, BO = 0.66&
Slope of the logarithm o-f luminance ratio, Bl = 1.024
Slope o-f target luminance, B2 = -0.0022
Slope o-f interaction (T x B)
,
B3 0.000045
The values -for the loner and the upper 95 percent
confidence interval were also calculated (Table 22).
Number. As -for the variable, rating, the estimates o-f the
di-f-ferent parameters o-f the model for "number" were obtained
(Table 23) , and are shown below :
Intercept, B0 =1.26
Luminance ratio, Bl = 0.409
Target luminance, B2 = 0.00015
The values -for the lower and upper 95 percent confidence
interval were computed (Table 23).
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TABLE 23
Actual and Predicted Values and Confidence Interval of Numbers
Lower Upper Lower Upper
Predict 95X 95X 957. 957.
Obs Actual Value Mean Mean Mean Mean
1 0.400 0.974 0.249 1.699 - .577 2.525
2 1.150 1.137 0.553 1.721 - .353 2.627
3 2.000 1.260 0.769 1.751 - .196 2.716
4 2.700 1.347 0.908 1.785 - .092 2.7B6
5 0.600 1.383 0.966 1.800 - .050 2.B16
6 1.250 1.470 1.086 1.853 0.046 2.B93
7 1.250 1.560 1.201 1.919 0.143 2.977
B 2.500 1.637 1.304 1.970 0.226 3.048
9 0.800 1.683 1.317 2.048 0.264 3. 101
10 1.200 1.756 1.340 2.172 0.323 3. 188
11 1.700 1.944 1.606 2.281 0.531 3.355
12 2.300 1.923 1.525 2.321 0.496 3.350
13 1.750 2.106 1.767 2.446 0.694 3.519
14 2.400 2.046 1.562 2.531 0.592 3.500
15 2.400 2.230 1.836 2.624 0.803 3.656
16 3.000 2.209 1.586 2.832 0.703 3.715
17 1.550 2.353 1.874 2.B32 0.901 3.805
IB 2.700 2.773 1.837 3.709 1.113 4.432
19 2.350 2.516 1.899 3. 132 1.013 4.018
20 3.200 2.896 1.991 3.800 1.253 4.538
DISCUSSION
This study was mainly carried out to determine whether
there was correspondence between reported pleasantness and
orienting behavior -for particular lighting conditions. Also, it
was expected that the speed of attention-getting or the response
time o-f the subjects to look at the lights would decrease as the
luminance ratio between the target and the background luminances
increased. Further, it was expected that the dependent variables
or the responses could be predicted -for different values o-f
luminances and luminance ratios and hence build regression models
for each of the responses.
Pleasantness Ratings
The one-way ANOVA procedure on the pleasantness ratings
showed that the subjects did find differences in the pleasantness
levels between the luminance ratios presented. This was
consistent with the pilot study. The ratings ranged from -7 to 7
on the pleasantness scale, and the Duncan's Multiple Range Test
showed that the highest mean rating was 2.5 for the luminance
ratio 10, i.e., when the background was 10 fL and the target
luminance 100 fL. The lowest rating was observed to be -2.3
and it corresponded to the luminance ratio 640, i.e., background
luminance 5 fL and target luminance 3200 fL. The other levels at
which subjects reported pleasantness to a progressively lesser
degree are shown in Table 4. The ratings seemed to lie on the
positive side of the pleasantness scale up to the luminance ratio
64. The gradual decrease in the ratings, however, was not
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proportional to the luminance ratio. This was also consistent
with the findings of the pilot study. As can be observed from the
plat (Figure 9) , there were lots of ups and downs in the curve
and the ratings did not seem to have any specific pattern with
the logarithm of the luminance ratios.
An observation of the correlation coefficients showed the
presence of a considerably high negative correlation (-0.&8) with
target luminance. In other words, the rating decreased with the
increase in target luminance. Also, a negative correlation with
the number (-0.24) indicated a decrease in rating resulted in an
increase in the number of times looked at the lights, and vice
versa.
The pleasantness ratings showed significant differences
among target luminances, a finding which was consistent with the
pilot study. In other words, the target luminance had a bigger
role to play in the judgments of pleasantness than the background
luminance. This suggests that the range of background luminances
used was not large enough and any future study could use a wider
gamut of background luminances. There was evidence of the
existence of an interaction between target and background
luminances. This finding is, however, different from that found
in the pilot study in which no interaction of these variables was
observed. A possible explanation for this difference could be the
difference in the way the experiment was conducted and the use of
a wider range of target luminances.
These findings can be compared with those of Helson and
Lansford (1970). Their study dealt with the pleasantness of
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abject colors, and interaction of spectral energy with background
color was found to be important in determining pleasantness.
Also, lightness contrast was found to be the single factor
responsible for pleasant color harmonics. In the present study,
no colored lights were used and background luminance did not seem
to play a major role in enhancing the canspicuity of the target
or the abject source. But, the luminance ratio between the target
and the background luminances was found to be an important factor
in orienting the behavior of subjects and determining
pleasantness of lights.
Regression Model. The regression model that was found to
best fit the data on pleasantness ratings included the
independent variables, the logarithm of the luminance ratio, the
target luminance and the interaction factor between target
luminance and background luminance. Mathematically, this model
can be expressed by the following equation :
R = BO + Bl XI + B2 X2 + B3 X2 X3 U)
where R = Rating
XI logarithm of the luminance ratio
X2 target luminance
X3 = background luminance
The estimates of the constant parameters far this model
(BO, Bl, B2, B3) are shown in Table 21. Substituting these values
in the model in equation (1), we have the following resulting
equation :
R - 0.666 + 1.024 XI - 0.0022 X2 + 0.000045 X2 X3 (2)
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This represents the model or the regression equation -for
predicting the values of ratings. From the equation, it can be
said that ratings are generally positive, and an increase in the
logarithm o-f the luminance ratio, a decrease in the target
luminance and a simultaneous increase in the interaction -factor
would result in an increase in the ratings.
The actual ratings for the di-f-ferent luminance ratios
and the predicted values are also shown in Table 22. Besides
these, the lower 95 percent and the upper 95 percent predicted
values are also listed in this table. The lower and upper 95
percent confidence limits were also computed and are listed in
the same table. An observation o-f the plot o-f the Mean Ratings
versus the logarithm o-f the luminance ratios (Figure 9) showed no
de-finite relationship between the two variables. A possible
explanation for this behavior could be attributed to the presence
of the interaction factor in the model.
A curve was then drawn (using the HP 9B72B plotter) to
best fit these observations, and this is also shown in Figure 9.
This curve indicated an increasing trend in the ratings as the
logarithm of the luminance ratio increased to the value of 1
(one) which corresponded to the luminance ratio o-f 10 (Table 21).
Thereafter, the ratings fell and seemed to decrease with an
increase in the logarithm of the luminance ratio. An observation
of the correlation coefficients revealed that the Mean Ratings
and the logarithm of the luminance ratio had a negative
correlation of 0.16.
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Number
The ANOVA on the number of times the subjects looked at
the lights,
-for each luminance ratio, showed that there were
differences among the luminance levels. This supported the
findings of the pilot study. Duncan's Test (Table 16) shows the
groupings of the means that are significantly different from each
other with respect to the luminance levels. A plot of these
means versus the logarithm of the luminance ratios (Figure 10)
showed a different trend than the plot of the ratings versus the
logarithm of the luminance ratios (Figure 9). An observation of
the correlation coefficients showed a positive correlation (0.55)
of number with target luminance and a correlation of 0.64 with
the logarithm of the luminance ratio. This meant that the number
increased with target luminance. "Number" was also observed to
have a positive correlation (0.67) with "time". This means that
subjects took a longer time to look at lights which they looked
at a higher number of times.
These findings can be compared with those of LaGiusa and
Perney (1974) in which they found that the number of times the
children looked at the displays increased with the higher
luminance (150 f L)
.
To a certain degree, this study too revealed
that the highest number of times that people looked at the lights
was when the luminance ratios were also high, viz., 640, 500, 320
and 160. Thus, it can be said that attention of the subjects
could be held by the higher luminance levels of the lights.
Reference can also be made to the findings of Ireland, Kinslow,
Levin and Page (1967) in which they recommended increased
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contrast requirements for better performance. The findings of the
present study were consistent with these recommendations in that
people were attracted a higher number of times to the higher
luminance levels.
Regression Model. The model for the dependent variable,
number, contained two independent variables, logarithm of the
luminance ratio and target luminance. Mathematically, the
equation to express this model is s
N = BO + Bl XI + B2 X2 (3)
where N = dependent variable, number
XI logarithm of the luminance ratio
X2 « target luminance
The estimates of the constant parameters for this model
are shown in Table 23. Substituting these values in equation <3)
,
we have the following regression equation:
N = 1.26 + 0.409 XI + 0.00015 X2 (4)
This represents the model or the regression equation for
making predictions of the variable, number. This model indicates
that an increase in the target luminance and/or the logarithm of
the luminance ratio would also result in the increase in the
number of times subjects looked at the lights.
The actual and predicted values of the variable, number
for different luminance ratios are also shown in Table 23.
Besides these, the lower 95 percent and the upper 95 percent
predicted values are also listed in this table. The lower and
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upper 95 percent confidence limits were also computed and are
listed in the same table. An observation of the plot of the
values of number versus the logarithm of the luminance ratios
(Figure 10) revealed that there could be a linear relationship
between the two variables. A straight line was drawn (using the
HP 9872B plotter) to best fit these observations, and this is
also shown in Figure 10. The linear relationship indicated that
the number of times looked at the lights seemed to increase with
a corresponding increase in the logarithm of the luminance ratio.
Response Time
Significant differences were observed in the times
between the luminance ratios. A positive correlation with the
logarithm of the luminance ratio indicated a gradual increase in
response time with higher luminance ratios.
The two-way analysis done on the same data of response
times showed significant differences between target and back-
ground luminances (Table 13). This was in conformance with the
findings of the pilot study. Table 13 also revealed existence of
interaction between the target and background luminances, a
result which was not found in the pilot study. The reason for
this difference in findings can again be attributed to the use of
a wider range of target luminances, a separate background for
each of the target lights, and most important of all, a change in
the instructions to the subjects. In the pilot study, the
subjects were instructed to look at the lights which they
preferred. In this study, the subjects were asked to look
immediately, as soon as the target lights were turned on, at one
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or the other light but were not told to look at the ones they
preferred. This resulted in the decrease of the average response
time than that found in the pilot study.
A pairwise comparison of the target luminances for the
response times (Table 14) showed significant differences for the
following pairs! (1) 320 fL and 10 fl_, (2) 320 fl_ and 100 fl_, (3)
3200 fL and 10 fL, (4) 3200 fL and 100 fL, (5) 1000 fL and 10 fL,
and C6> 1000 fL and 100 fL. A similar pairwise comparison of the
background luminances (Table 15) showed significant differences
in the response times for the following pairs: (1) 10 fL and 2
fL, (2) 10 fL and 50 fL, (3) 10 fL and 5 fL, (4) 20 fL and 2 fL,
(5) 20 fL and 50 fL, and (6) 20 fL and 5 fL. No significant
pattern has been observed and no conclusive statements can be
made at this stage.
The mean response time for every combination of target
luminance and background luminance are shown in Table 16. The
highest value was 1.3& seconds for the target luminance 32 fL and
background luminance 20 fL, and the lowest value was 0.08 second
for the target luminance 10 fL and background luminance 5 fL.
There was no definite relation between the luminance levels and
the response time and a lot of irregularity in the behavior,
viz., speed of looking was observed. This is contrary to what
was expected in the second part of the hypothesis, viz., the
speed of looking would increase with luminance/contrast. No
specific reason could be found to explain this phenomenon.
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tasked at Li.abi3>
The conditions or treatment conditions presented to the
subjects on the left and right side of the partition are shown in
Table 18. An observation o-f this table revealed that subjects
almost always looked at the higher luminance ratio or the bright
light, irrespective of its position, left or right. This was
consistent with Taylor and Sucov's findings (1974), in which it
was found that two-thirds of the people preferred a brighter
path.
An observation of the summarized values of ratings and
numbers in Table 20 showed that there were a lot of times when
subjects rated the lights on the negative side of the
pleasantness scale in spite of looking at the corresponding
brighter luminance ratios, a higher number of times. For
example, subjects looked 80X of the times at the luminance ratio
640, but rated it -2.83 on the pleasantness scale, which almost
corresponded to "Moderately unpleasant". In another case, sub-
jects looked at the lights 75X of the times and also rated it
"Moderately pleasant". This probably could be a case where the
orienting behavior of the subject converges with his/her
pleasantness response. This was also observed, to a lesser
degree, at the luminance ratio 100. Here, subjects looked at the
lights 65X of the time and the mean rating was 2.6 which was
between "More pleasant than unpleasant" and "Moderately pleasant"
on the Pleasantness Scale. Another such response was observed at
the luminance ratio 32. At this level, subjects looked at the
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lights 77% of the time and also rated it almost the same as the
previous case. This was not noticed at all luminance levels and
there seemed to be a lot of fluctuation in the ratings of the
lights as well as the number of times looked at the lights. It
was not possible to explain the reason for this peculiarity in
the orienting or the pleasantness response behavior of the
subjects.
The negative correlation (-0.24) between number and
rating indicated that these variables are inversely proportional
to each other. Hence, the only conclusive statement that can be
made from an observation of these phenomena and peculiarities in
behavior is that the ratings will decrease as the number of times
that subjects look at the lights increase. This, in turn,
depends on the target luminance and the number increases with
target luminance. But, it is still not known at what level of
high luminance people will look away from the lights and hence
decrease the number of times looked at them. An observation of
the plot of mean ratings versus the mean number of times looked
at the lights (Figure 12) did not reveal any significant pattern
in the orientings and pleasantness behavior and hence no definite
conclusions could be arrived at regarding the ranges of
luminances that people reported as "pleasant".
Future Research
This study made an attempt to find some relationship
between the orienting behavior and subjective response of people
regarding the pleasantness of lights. The results showed that
these two behavioral responses were not the same at all luminance
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levels. It was not possible to -find any reason for the lack of
consistency in these results nor was it possible to notice any
specific pattern in the behavior.
Further research is needed to determine when
behavioral and subjective responses are the same. Also, it
would be interesting to know the luminance levels at which both
these responses do not "converge", so that definite guidelines
could be set for the lighting designer. Also, the number of
times looked at the lights seemed to increase with target
luminance. It would be desirable to determine the level of
target luminance at which the number would drop or hold itself at
a constant number.
The design of the experiment could be an important
factor which researchers might consider to deal with and extend
this study further. Another possible area of modifying the
experiment could be in the use of bigger target lights and wider
background areas. The pilot study had a task for the subjects
during the experiment besides rating the lights, viz., reading
and writing a displayed word. The present study did not use such
a task. But it would not be improper to suggest the use of some
task which would aid the subjects in making concrete decisions
about the pleasantness of lights. To increase the power of the
test, further study should consider increasing the number of
subjects or the sample size.
Practical implications
From the practical point of view, this study should
prove helpful to any practitioner who is interested in the
99
movement of people, especially in commercial or safety
situations. The luminance levels at which behavioral and
subjective responses are the same, is an important finding of
this study. This should help set initial guidelines for the
lighting designer interested in aiding people making judgments
regarding preferences for lights.
This study revealed that time to respond was not an
important factor to be considered when it is desired to attract
people in a certain direction. In other words, people would not
take much time to react and select the preferred luminance. Also,
it cannot be said conclusively that people always look at the
brighter lights. In this study, 87 percent of the times people
did look at the brighter lights. However, the behavior of the
people looking at the dimmer lights the other 13 percent of the
times could not be attributed to any particular reason.
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CONCLUSION
The conclusions that can be drawn
-from the results of
this study are summed up below i
1. The behavioral and subjective responses of the subjects
were not the same at all luminance levels. The number of subjects
that were attracted to higher luminance levels was high but they
did not necessarily rate those levels on the positive side of the
pleasantness scale. The opposite phenomenon, viz., higher ratings
but a lesser degree of attraction, was also observed at some
other luminance levels. There was no specific pattern in such a
behavior and no definite relation was found between the luminance
levels and attraction.
2. The speed of looking did not increase with a higher
luminance/contrast. There were significant differences in the
response times of the subjects between the luminance ratios, but
an observation of the mean times did not reveal any significant
relation between the luminance ratios and the orienting behavior.
3. People looked at the brighter lights 87 percent of the
times.
4. Significant interaction was observed in the pleasantness
ratings between the target and background luminances. Because of
the absence of significant differences in the ratings in most of
the pairs of the background luminances, the pleasantness ratings
seemed to depend mostly on the target luminances, and hence their
orienting behavior was controlled by the target luminance.
5. Regression models for predicting future values of ratings
0,
and number, i.e., number of times looked at the lights, have been
built. The model -for the dependent variable, rating, included the
independent variables, target luminance, background luminance and
the interaction of both these factors. The regression equation
for number included only the luminance ratio as the independent
variable or the predictor variable for its model.
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APPENDIX A
RAW DATA (OBSERVATIONS) FOR DIFFERENT RESPONSES
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RAW DATA ON RATING
033 LU3 M.70 hSTJHS
1 0.2 -1.25
-> 0.2 0.25
3 9.2 3.00
4 0.2 -5. 50
s 0.2 1 ,75
f, 0.2 1.25
7 0.2 -2. 50
B 0.2 -1.25
9 0.2 -7.00
10 3.2 -1.50
1 1 0.2 -0.75
12 0.2 -5. 00
13 0.2 0.75
19 0.2 0.75
IS 0.2 -1 .59
16 0.2 -3. 73
17 0.2 - 1 . 00
1A 0.2 -2.00
19 0.2 0.25
20 0.2 -3. 50
21 0.5 -0. 50
22 0.5 1.50
23 0.5 2.50
2" 0.5 -3. 25
25 0.5 n.75
2f 0.5 2. 50
27 0.5 -1.25
2 a 0.5 -1. 00
29 0.5 -4. 5r
30 0.5 -2.50
31 0.5
. 25
3 2 0.5 -1.50
33 0.5 1.75
3a 0.5 -0.25
35 9.5 3.00
3 6 0.5 -2. 75
37 0.5 -0.25
39 0.5 -0.50
39 0.5 0.00
40 0.5 -1.50
41 1 .0 2.00
42 1.0 4. 25
43 1.0 2.00
44 1.0 -2.75
45 1 .0 . 75
4r3 1.0 3.00
4~ 1.0
-l. 25
43 1.0 -1. 75
49 1.0 - 1
. 50
30 1.0 0.73
51 1.0 1 . 00
52 1.0 9 . 25
53 1 .0 1 . 59
54 1.0 -1. DO
^5 1.0 1 . 00
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56 1.0 2.00
57 1.0 4
. 5 J
53 1.0 .
5° 1.0 0.25
fcn 1.0 -2.50
€
1 1.6 1.25
63 1 .6 4.10
6? 1.6 4.25
c« 1.6 -1.00
65 1.6 1.75
fcf 1.6 3.7 5
67 1.6 .
fcn 1.6 1.50
69 ^.r. 1.7*
7 1.6 2.00
71 l.fi 0.7 5
72 1.6 2.00
73 1.6 3.75
7U 1 .t 0.50
75 1.S 4.25
7f 1 .6 -1.25
77 1.6 1.50
73 1.6
.
7 9 1.6 -1.25
30 i.e -1.25
91 2.0 0.51
32 2.0 '1.25
ai 2.0 7.25
84 2.0 - t . o o
fl- 2.0 1.50
at 2.0 3.25
37 2.0 -1.2 5
SP 2.0 -1.25
B9 2.0 -1.75
no 2.0 2 7 e;
01 2.0 -1.25
92 2.o 0.00
9 3 2.0 3.75
"4 2.0 0.50
q- 2.0 2.00
96 2.0 0.00
07 2.0 1.25
93" 2.0 1 .75
90 2.0 3.00
I00 2.0 -2 .00
101 3.2 1.75
102 3.2 2.7 5
10 3 3.2 4.75
104 3.? 1 .50
10 5 3.2 1.25
106 3.2 4 .00
107 3.2 -1.75
I 03 3.2 0.5
to : 3.2 -0.23
I 10 3.2 y ep
108
OB 5 taa a ato \zr
1 1
1
"3 I
1 .50
112 T t 0.00
1 13 3.2 4 .00
114 3.? 1.00
115 3.2 1 .75
110 3.2 0.75
1 17 3.2 2 . n 5
118 3.2 2.75
l 19 3.2 1.50
120 3.2 .
12 1 5.0 1 .75
122 5.0 0.7 5
123 5.0 2.50
124 5.0 1.01
125 5.0 1.25
12fi 5.0 2.7^
127 5.0 0.25
128 5.0 0.75
12" 5.0 1.25
130 5.0 3.50
13 1 5.0 2.00
132 5.0 1.00
13 3 5.0 4.5
13 4 5.0 3.25
135 5.0 0.00
13 fi 5.0 1.50
137 5.0 2.25
13*1 5.0 3.01
139 5.0 3.50
no 5.0 0.00
141 6.4 2.50
142 6.4 0.25
143 6.4 4.50
144 6.4 2.75
145 6.4 2.00
146 6.4 2.0
147 6.4 1.75
148 6.4 1 .75
149 6.4 4.00
150 6.4 4.50
15 1 6. 4 0.75
152 6.4 3.00
15 3 6.4 3.75
154 6.4 2.75
155 6.4 3.50
156 6.4 -0.75
157 6.4 2.25
158 6.4 2.00
15« 6.4 0.51
160 6.4 0.75
161 10.0 1. VI
If 2 10.0 3.6 7
163 10.3 4.3 3
164 10.0 2.3 3
If. 5 10.0 1.33
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166 10 3.3?
167 10 0.0O
16 9 10 3 .
16 9 in 4.00
170 10 3.5
17 1 10 1 .00
172 19 -loo
173 10 4.00
174 10 ".00
175 10 3 . 33
176 10 2.33
177 10 5.00
173 10 2.67
179 10 1 .00
180 10 1.33
18 1 1ft 0.75
132. 16 0.75
183 It 3.75
18 0- 16 3.50
183 1ft 1.75
186 16 1.75
137 1ft -0.50
188 16 3.00
189 16 4.25
190 16 4.75
191 16 0.7 5
192 16 4.00
193 16 3.75
ioa 16 -1.50
195 16 -0.50
19 b 16 1.25
197 16 5.25
198 16 3.00
iq g 16 2.5"
20 1ft 2.25
20 1 20 -0.75
20.-' 20 -0.50
203 20 -0.25
204 20 3 . a o
20 5 20 1.25
206 20 1.25
207 20 2.00
20 8 20 0.25
209 20 6.00
210 20 4.25
21 1 20 - 1 .25
212 2 2.51
213 20 3 .50
214 20 0.00
215 2 2 .50
216 29 0.25
217 20 1 .50
213 20 0.75
219 20 2.00
22 20 1.00
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221 32 -3. 33
22 2 32 -2.00
223 32 4.67
224 32 f. .00
22 5 32 1.33
22 c 32 2.00
227 3 2 1.00
223 32 -l .00
22-? 32 5.57
230 32 f .33
23 1 32 3 . 00
23 2 32 5.00
23 3 32 3.67
23a 32 2.67
235 32 2.00
236 32 3.33
237 32 1. 33
23 8 32 2.00
239 32 1 . 00
240 32 2.67
241 50 0.00
242 50 2.00
24 3 50 2.00
244 50 4.00
243 50 -0. 25
246 51 3 . 00
247 50 1 . 00
249 50 -0.75
249 50 3 . 00
250 50 4.75
251 51 -0.25
252 50 1 .00
253 50 4.00
25 4 50 -".25
255 50 1. 00
256 50 1.25
257 50 1.75
258 50 1. 25
259 50 1.25
26 50 0.75
26 1 64 -2. 50
262 64 1.25
26 3 64 0.00
26 4 64 3.00
26 5 64 0.23
26 6 64 0.75
267 64 2.75
263 64 -0
. 25
269 64 5. 25
27 64 5 . 00
27 1 64 1.00
27 2 64 4. 00
273 64 1.75
174 64 0.00
275 64 1. 25
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LIT!! ? A 1 '.ATISG
77 6 64 1.75
27^ f.4 -1.25
278 64 -1.23
27° 64 -1 .SO
23 64 0.25
28 1 100 -2.50
23 2 100 -0.50
23 2 100 1.25
284 101 5.0
285 ion .25
236 100 -1.25
23 7 100 1.25
28 3 no 3.2"
289 100 6.5
29 100 4.50
29 1 I 00 0.75
297 100 4.0
293 100 0.25
29H 100 -0.50
29 5 100 3.25
296 100 2.25
29 7 ion -0.75
29 8 100 0.50
29 9 100 -0.75
30 100 0.50
30 1 160 -3.2 C
30 7 160 0.73
30 3 160 0.0
30 » 160 5.25
305 160 -1.00
30 6 160 0.30
307 160 1 .7 C
30 8 160 -1.00
309 160 5.50
310 160 4.00
31 1 160 -0.75
312 160 3.00
313 I 60 0.75
314 160 -1.75
3 15 160 0.2 5
316 160 1.50
317 16 -1 .50
313 160 0.00
319 1 60 -1 .00
320 160 0.30
32 1 200 -2.7 =
322 2 00 0.25
323 200 -1.25
32 4 200 4.75
723 200 -0.75
'26 700 1.3
327 200 2.00
327 2 00 1.2 5
329 2 00 5.2 5
330 200 3.50
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ir;" :xn
331 2 00 2.50
33: 200 0.00
33 3 2 00 2.50
334 200 -0.50
33 5 200 2.50
33 6 2 00 2.25
337 2 00 0.75
333 200 -0.25
339 200 1.75
340 2 00 0.35
341 3 20 -4.50
342 3 20 -4.00
343 320 -5.03
344 330 3.75
345 320 -2.75
346 320 -1 .00
34 7 320 1.25
348 320 0.00
349 3 20 -6.75
350 320 2.75
35 1 320 -1.25
352 320 -1 .00
353 3 20 -2.00
354 320 -7.00
355 320 0.7 5
356 320 -2.75
357 3 20 -4.50
358 320
-3.2 5
353 320 -3.25
36 320 -3.5"
36 1 500 -2.00
36 2 5 00 -2.2?
363 5 00 -2.30
36 4 500 4.25
365 5 00 -1.00
36 6 500 2.25
36 7 500 1.50
36 3 500 2.00
369 300 5. 30
370 500 5.00
371 500 -0.75
372 5 00 2.50
"3 500 2.75
37 4 500
-3.25
375 500 0.50
376 5 00 2.25
37 7 500 1.50
373 5 00 -2 .25
370 500
-2.?5
•30 5 00
. 5
33 1 54 3 -4.23
33 2 640 -4.50
3S3 640
-5.50
33 4 6 40 -1.00
33 5 .'40
-2.25
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CDS L'J.^_T5ATO 3ATi:jg
336 6U9 1.00
"7 eao 0.0")
38 a 640 -o.^s
3S9 61*0 -7.00
390 tao 2.00
391 6 40 -0.73
39 2 6 40 -1.00
393 6 40 - 1 . 50
394 640 -i.l r
395 6 40 -1.00
33 e 640 -3.75
397 6 40 -4.75
39 8 £40 -5.25
19 9 6 40 -5.50
40 n 6 40 -4.00
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RAW DATA ON NUMBER
IBS LDM_RATO NUMBER
1 0.2
2 0.2
3 0.2 2
4 0.2
5 0.2 2
6 0.2 2
7 0.2 1
8 0.2
9 0.2
10 0.2
1 1 0.2 1
12 0.2
13 0.2
14 0.2
15 0.2
16 0.2
17 0.2
18 0.2
19 0.2
20 0.2
21 0.5 1
22 0.5 1
23 0.5
24 0.5 2
25 0.5
26 0.5
27 0.5 1
28 0.5 2
29 0.5 1
30 0.5 1
31 0.5 3
32 0.5 1
33 0.5 1
34 0.5 2
35 0.5 1
36 0.5 1
37 0.5 1
38 0.5 1
39 0.5 1
40 0.5 2
41 1.0 3
42 1.0 2
43 1.0 1
44 1.0 1
45 1.0 2
46 1.0 1
47 1.0 1
48 1.0 3
49 1.0 2
50 1.0 2
51 1.0 2
53 1.0 2
53 1.0 4
54 1.0 1
55 1.0 2
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OBS LUU_RATO NUI1EER
56 1.0 2
57 1.0 3
53 1 .0 2
59 1.0 2
60 1.0 2
61 1.6 2
62 1.6 3
63 1.6 3
64 1.6 3
65 1.6 2
66 1.6 3
67 1.6 3
68 1.6 1
69 1.6 3
70 1.6 3
71 1.6 3
72 1.6 3
73 1.6 2
7 4 1.6 3
73 1.6 3
76 1.6 3
77 1.6 2
73 1.6 3
79 1.6 4
80 1.6 2
81 2.0 1
82 2.0
83 2.0 1
84 2.0
85 2.0
86 2.0 1
87 2.0 2
88 2.0 1
89 2.0
90 2.0 1
91 2.0
92 2.0
93 2.0 1
94 2.0 1
95 2.0 1
96 2.0
97 2.0 1
98 2.0
99 2.0 1
100 2.0
101 3.2 1
102 3.2 1
103 3.2 1
104 3.2 1
105 3.2 1
10 6 3.2 2
107 3.2 2
108 3.2 1
109 3.2 1
110 3.2 1
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OBS LUM_EATO NUMBER
11 1 3.2 1
112 3.2 1
113 3.2 1
114 3.2
115 3.2 2
116 3.2 1
117 3.2 2
118 3.2 1
119 3.2 1
120 3.2 3
12 1 5.0 1
122 5.0 3
123 5.0 3
124 5.0 2
125 5.0 2
126 5.0 2
127 5.0
128 5.0 2
129 5.0 2
130 5.0 1
131 5.0 3
132 5.0 2
133 5.0 2
134 5.0 3
13 5 5.0 1
136 5.0 2
137 5.0 2
138 5.0 2
139 5.0 2
140 5.0 1
141 6.4 3
142 6.4 3
143 6.4 2
144 6.4 3
145 6.4 3
146 6.4 1
147 6.4 2
148 6.4 2
149 6.4 3
150 6.4 3
151 6.4 2
152 6.4 3
153 6.4 3
154 6.4 2
155 6.4 3
156 6.4 3
157 6.4 2
158 6.4 3
159 6.4 2
160 6.4 2
16 1 10.0 3
162 10.0
163 10.0
164 10.0 1
165 10.0 1
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OBS LOH_RATO NUMBER
166 10 1
167 10
168 10 1
169 10 1
170 10
171 10 1
17 2 10
173 10 1
174 10 2
175 10 1
176 10 1
177 10 1
178 10
179 10 1
180 10
181 16 2
182 16 2
183 16 2
184 16 2
185 16 1
186 16 1
187 16 1
188 16 1
189 16 1
19 16 1
191 16 1
192 16 1
193 16
194 16 2
195 16 1
196 16 1
197 16 2
198 16 1
199 16
200 16 1
201 20
202 20 1
203 20 2
204 20
20 5 20 2
206 20 1
207 20 2
20 8 20 2
209 20 2
210 20 2
211 20 2
212 20 3
213 20 3
214 20
215 20 2
216 20 1
217 20 2
218 20 2
219 20 3
220 20 2
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OBS LUM_RATO RUBBER
7.21 32 1
22 2 32 3
223 32 2
22 4 32 3
225 32 2
226 32 3
227 32 3
228 32 2
229 32 2
230 32 3
23 1 32 2
232 32 2
233 32 2
23 4 32 2
23 5 32 2
23 6 32 3
237 32 1
23 8 32 3
239 32 2
240 32 3
24 1 50 3
242 50 2
243 50 3
244 50 2
245 50 2
246 50 1
247 50 2
248 50 1
249 50 2
250 50 1
251 50 2
252 50 1
253 50 2
254 50 1
255 50 1
25 6 50 2
257 50 1
258 50 1
259 50 4
260 50 1
26 1 64 3
262 64 2
26 3 64 1
264 64 2
26 5 64 2
266 64 2
267 64 3
268 64 3
269 64 2
270 64 3
27 1 64 2
272 64 2
273 64 3
27 4 64 3
27 5 64 4
119
oas Ltlil.RATO NOMBER
276 64 2
277 64 1
27 8 64 3
279 64 2
280 64 3
281 100 1
282 100 3
283 100 4
284 100 3
285 100 4
286 100 4
287 100 2
288 100 2
28 9 100 3
290 100 3
29 1 100 2
292 100 4
29 3 100 1
29 4 100 2
29 5 100 1
296 100 3
297 100 3
298 100 2
29 9 100 2
300 100 3
301 160 3
302 160 2
303 160 1
30 4 160 3
30 5 160 2
306 160 3
30 7 160 3
308 160 4
309 160 3
310 160 3
311 160 4
312 160 3
313 160 3
314 160 4
315 160 3
316 160 3
317 160 4
318 160 4
319 160 2
320 160 3
321 200 2
322 200 1
323 200 1
324 200 2
325 2 00 2
326 200 2
327 200 1
328 . 200 2
329 200 1
330 200 1
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OBS LUH_RATO NUKBER
33 1 200 1
332 200 1
333 2 00 3
33 4 200 1
335 200 2
336 200 2
33 7 200 3
338 . 200 1
339 200 1
340 200 1
341 320 3
342 320 3
34 3 320 2
344 320 4
345 320 2
346 3 20 2
34 7 320 3
348 320 2
349 320 3
350 3 20 3
351 3 20 4
352 320 2
353 3 20 1
354 320 3
355 320 3
356 3 20 3
357 320 3
358 3 20 3
359 320 2
360 320 3
36 1 500 1
362 500 2
363 500 4
364 500 2
36 5 500 3
366 500 3
367 500 2
368 500 2
369 500 2
370 500 2
37 1 500 2
372 500 3
373 500 3
374 500 4
375 500 2
376 500 1
377 500 2
378 500 2
379 500 2
380 500 3
38 1 640 4
382 640 4
383 640 3
38 4 640 2
38 5 640 3
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OBS LUM_HATO NUMBER
386 640 3
.187 640 4
388 640 4
.189 6 40 4
390 640 4
391 6 40 1
392 640 4
393 640 2
39 4 6 40 2
395 640 3
396 6 40 4
397 640 2
398 640 4
399 640 4
40 640 3
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RAW DATA ON TIME
OPS LDH_RATO TIME
1 0.2 0.00
2 0.2 0. 00
3 0.2 1.30
a 0.2 0.00
S 0.2 1 .48
6 0.2 3.78
7 0.2 0.67
8 0.2 0.00
q 0.2 0.00
10 0.2 0.00
n 0.2 1.30
12 0.2 0.00
13 0.2 0.00
14 0.2 0.00
15 0.2 0.00
16 0.2 0.00
17 0.2 0.00
18 0.2 0.00
19 0.2 0.00
20 0.2 0.00
21 0.5 1. 16
22 0.5 1.86
23 0.5 0.00
24 o.s 1.90
25 0.5 0.00
26 0.5 0.00
27 0.5 1.01
28 0.5 1. 10
29 0.5 0.80
30 0.5 3.90
31 0.5 0.95
32 0.5 1. 44
33 0.5 1 .75
34 0.5 0.73
35 O.S 0.70
36 0.5 1.06
37 0.5 0.45
38 O.S 0.65
39 0.5 1.36
40 0.5 1. 12
41 1.0 0.95
42 1.0 1. 10
43 1.0 0.83
44 1.0 2. 11
45 1.0 1.37
46 1.0 4. 15
47 1.0 0.91
48 1.0 1.63
49 1.0 1.05
50 1.0 1. 44
51 1.0 2. 13
52 1.0 1.63
53 1.0 0.67
54 1.0 1.09
55 1.0 1 .00
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ODS LOM_nATO TIME
56 1.0 0.88
57 1.0 0.17
58 1.0 0.81
59 1.0 1. 44
60 1.0 1. 16
61 1.6 1. 14
62 1.6 1.46
63 1.6 0. 86
64 1.6 2.90
65 1.6 1.68
66 1.6 3.03
67 1.6 0. 88
68 1.6 1.19
69 1.6 0.93
70 1.6 1.98
71 1.6 2. 45
72 1.6 1 .66
73 1.6 0. 80
74 1.6 0.85
75 1.6 0.97
76 1.6 1.26
77 1.6 0. 38
78 1.6 0.66
79 1.6 1.04
80 1.6 1 .06
81 2.0 0.76
82 2.0 0.00
83 2.0 0.56
81 2.0 0.00
85 2.0 0.00
86 2.0 3.30
87 2.0 0.94
88 2.0 0.95
89 2.0 0.00
90 2.0 1. 18
91 2.0 0.00
92 2.0 0.00
93 2.0 0.64
9U 2.0 0.41
95 2.0 0.78
96 2.0 0.00
97 2.0 0.45
98 2.0 0.00
99 2.0 0.84
100 2.0 0.00
101 3.2 0.88
102 3.2 2.43
103 3.2 0.60
104 3.2 1 .74
105 3.2 1.06
106 3.2 3.20
107 3.2 0.94
108 3.2 1.83
109 3.2 0.76
1 10 3.2 1.37
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OBS LOM_BATO TIME
1 11 3.2 1.25
112 3.2 1.35
113 3.2 0.73
114 3.2 0.00
1 15 3.2 1 .47
116 3.2 0.77
117 3.2 0. 13
113 3.2 0.48
1 19 3.2 1.52
120 3.2 0.95
121 5.0 0.70
122 5.0 1.07
123 5.0 0.61
124 5.0 1.72
125 5.0 0.71
126 5.0 2. 50
127 5.0 0.00
128 5.0 4.89
129 5.0 1 .00
130 5.0 0.65
131 5.0 1.85
132 5.0 1.24
133 5.0 0.48
134 5.0 0.64
135 5.0 0.96
136 5.0 2.67
137 5.0 0.51
138 5.0 0.55
139 5.0 0.86
140 5.0 0.83
141 6.4 0.86
142 6.4 0.68
143 6.4 1 .76
144 6.4 1.76
145 6.4 1.65
146 6.4 1.89
147 6.4 1.11
148 6.4 2.76
149 6.4 0.76
150 6.4 0.76
151 6.4 2.35
152 6.4 3. 18
153 6.4 0.48
154 6.4 0.64
155 6.4 0.77
156 6.4 0.85
157 6.4 0. 16
158 6.4 0.65
159 6.4 0.97
160 6.4 1. 00
161 10.0 0.74
162 10.0 0.00
163 10.0 0. 00
164 10.0 2. 20
165 10.0 1.30
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OBS LUH.RATO TIME
166 10 4.55
167 10 0.00
168 10 1.67
169 10 1. 10
170 10 0.00
171 10 1.04
172 10 0.00
173 10 0.47
170 10 0.68
175 10 0.60
176 10 0.85
177 10 0.21
178 10 0.00
179 10 1.29
180 10 0.00
181 16 0.84
182 16 0.89
183 16 0.69
184 16 1.70
185 16 1.59
186 16 2.26
187 16 0.69
188 16 3.69
189 16 1.00
190 16 0.76
191 16 0.98
192 16 0.84
193 16 0.00
194 16 0.68
195 16 0.85
196 16 0.69
197 16 0. 45
198 16 0.62
199 16 0.00
200 16 0.84
201 20 0.00
202 20 0.68
203 20 0.53
204 20 0.00
205 20 1. 19
206 20 2.50
207 20 0.73
208 20 1.09
2 09 20 0.78
2 10 20 2. 18
211 20 0.79
2 12 20 1.48
213 20 0.78
214 20 0.00
215 20 0. 80
2 16 20 0.45
217 20 0.46
2 18 20 0.50
219 20 1.02
220 20 0.83
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OBS LUH_RATO TIHE
221 32 0.62
222 32 0.94
223 32 0.59
224 32 1.66
225 32 1.37
226 32 4.90
227 32 0.71
223 32 2.01
229 32 0.91
230 32 1.59
231 32 1.84
2 32 32 1.32
233 32 0.40
234 32 0.75
235 32 0.68
236 32 0. 91
237 32 0.62
238 32 0. 41
239 32 1 .44
210 32 0.92
2»1 50 0.71
242 50 1.27
243 50 1.67
2 44 50 2.37
245 50 1.05
2 46 50 5.68
247 50 0.71
2 48 50 0.78
249 50 0.77
250 50 0.75
251 50 1.39
252 50 1.04
2 53 50 0.51
2 54 50 0.75
2 55 50 0.85
256 50 0.65
257 50 0. 10
258 50 0.51
2 59 50 1. 13
260 50 0.73
26 1 64 0.67
262 64 2.90
263 64 1 .04
2 64 64 1.87
265 64 1 . 16
266 64 3.00
267 64 0.75
268 64 0.98
269 64 0.87
270 64 0.78
271 64 0.81
272 64 1.05
273 64 0.38
274 64 0.70
275 64 0.77
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ODS Lt7M_RATO TIME
276 64 0.68
277 64 0. 16
278 64 0.46
279 64 0.94
280 64 0.94
281 100 0.62
2 82 100 1.52
283 100 0.54
284 100 1.76
285 100 1. 43
286 100 2.55
2 87 100 0.68
288 100 4.09
289 100 0.76
290 100 1.05
291 100 1. 84
292 100 2.32
293 100 0.38
294 100 0.71
295 100 1.19
296 100 0.91
297 100 0. 13
298 100 0.43
299 100 0.92
300 100 0.88
301 160 0.82
302 160 1 .86
303 160 1.85
304 160 2. 14
305 160 1.38
306 160 2.25
307 160 0.77
308 160 2.01
3 09 160 0.71
3 10 160 0.75
311 160 2.20
312 160 1.99
313 160 0.57
3 14 160 0.66
315 160 0.69
3 16 160 1.89
317 160 0.27
3 18 160 0.57
319 160 1.41
320 160 0.82
321 200 0.77
3 22 200 1.22
323 200 0. 49
324 200 1 .45
325 200 1.21
3 26 200 2.80
327 200 1.38
328 200 0.69
329 200 0.65
330 200 0.61
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OBS LUH_HATO TIKE
331 200 0.68
332 200 0.91
333 200 0.63
334 200 0.45
3 35 200 0.80
3 36 200 0.57
337 200 0. 17
33B 200 0.63
339 200 0.88
340 200 0.80
341 320 0.84
342 320 1.46
3 43 320 1 .70
3 44 320 1.88
345 320 1.00
346 320 1.92
347 320 0.86
348 320 1.37
3 49 320 0.77
3 50 320 1. 13
351 320 1.80
352 320 1.05
3 53 320 0.41
3 54 320 0.84
3 55 320 0.84
356 320 0.70
3 57 320 0.28
3 58 320 0.47
359 320 0.74
360 320 0.96
361 500 0.74
362 500 0.78
363 500 0.99
3 64 500 1.93
365 500 0.88
3 66 500 2.93
367 500 0.67
3 68 500 2.32
369 500 0.85
370 500 0.95
371 500 3.55
372 500 2.04
373 500 0.59
374 500 0.62
375 500 0.94
3 76 500 0.70
377 500 0. 18
378 500 0.52
3 79 500 1 .28
3 80 500 0. 84
381 640 0.74
382 640 1. 14
383 640 0.62
384 640 1.69
3 85 640 1.29
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OBS IDH.RATO TIME
386 640 2. 15
387 640 0.72
388 640 3.26
389 640 0.90
390 640 1.27
391 640 0.94
392 640 1. 12
393 640 0.68
394 640 0.60
395 640 0.73
396 64 1. 13
397 640 0. 15
398 640 0.42
399 640 0. 81
400 640 0.84
APPENDIX B
MODEL BUILDING PROCEDURES USED TO BUILD
MODELS FOR RATING, NUMBER AND TIME
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HODEL SniDIMG FOP RATINGS 3.S.T. L0KI8ANCE r-A"*IO, "\AFi1 B :!i:rc,i?
FOPEARI) SELECTION PROCEDfirE FOP DEPEL'P&IT VirXSSLS f^Tjr;
STEP 1 VAPIABLE TAPGET ENTERED ? SQtiARF, = 0. ^ 5 i= 5 1 '422
C (P) = 19.219*454?
DF SUa OF SQUABES 1EAI' SQWP2 ? .'.'"?>?
DEGRESSION 1 19.42212950 1°. 42212950 15.24 'l.oriO
ERROa 18 22.93763225 1.27431290
TOTAL 1" 42.35976 175
P 711 HE STD EEROP TYPE II SS " "'^b~>¥
INTERCEPT t. 53849357
TARGET -0.03105523 0.00027029 19.42212950 15.24 0.-1010
STEP 2 VARIABLE LtlMRAI ENTERED P SQUARE = 0.efr3n°051
C(?) = 7.<5130': €3?
DF SOfi OF SQrTAPES H3A3 SQUAHS " P r r.">7
REGRESSION 2 28.08835534 14.0 44177'!? If .73 .j.0001
ERROR 17 14.27140591 0.93949447
TOTAL 19 42.35976175
3 VALUE STD ERROR TYPE II SS \ ,~TrE:>:-
REGRESSION
ERROR
TOTAL
3
16
1<?
32.21386966
10. 14039209
42.35976175
10.73962322
0.63 380 57 6
B VAUTE STD ERROR TYPE II S3
INTERCEPT
LUMRAT
TARGET
TB
1,
-0
0,
,66624997
,02410352
,00 2200 22
.00004469
0.2 540 96 97
0.0003 1981
0.0000 1750
10.29674723
29.98465255
4. 13 05 13R2
n .-. c, 1
INTERCEPT 0.8573473 3
LOPRAT 0.92953259 0. 23930672 B.fef622f34 10.33
TARGET -0.00176234 0.00031075 27.00031523 32.16 ).00"»l
STEP 3 VARIABLE TB ENTERED P SQUASF. = 0.760600S2
C (P) = 3.57085842
DF SOU OF SQUARES RBft? SQUARE F ??H>?
i e . ° u o . i o o i
PPCOf
16.25 1.0010
47
. 3 1 'i. noo 1
c .52 r. "213
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HCDEL 3UluiPQ FOS fMTINGS R.P.T. L'lMIM&f'CS J-ATIO, td?f! i -. C " j : ^
FOEiiAPD SELZCTIO II PROCEDURE FOF DEPENDENT VAPTAHE PA"!?'.".
STEP 4 VAF.IA3LE BCKGED ESITEHKD li sen AH F, = 0.
C(P) =
,7693"'7 !57
, nnoooooc
DP sua OF SQUARES m:3a« sum;,?h w P?.'*3>F
REGRESSION 4 32. 59065479 o. m7f.f ;,7c 12.51 ,-,, '..-,' |
EEEOR 1<i 9.76910696 F). 65127389
TOTAL in H2.35976175
B VALII3 STD ERROR TYPE i:
INTERCEPT 0.99143320
LMMRAT 0.3S027943
BCKGRD -0.01530152
TAEGET -0.00224'Hl
T3 0.03005903
0.32033265 4.91815647 7.55 0.0149
0.02025212 0.37 178513 9. 57 f\ 'it 1r
0.00033015 30. 1712144" 4f .33 1 . f ° 1
0.000025=9 3.36075426 5.16 t. rii'i
NO OTHER VAPIABLE5 MET THE 0.5000 SIGMIFICAFCE I.EVKI POS E«!1'P?
133
MODEL BTJtDIHO FOR RATINGS VI. P. T. LOaiUASCE PATIO, TVG F, iLK^-i
BACKWARD SLIJ1INA T lOf? PROCEDURE FOP DBPEND2MT VAri/.TJTE .'riM
STEP MI VARIABLES 2HTEKED B SQFIAfiF = 0.76937767
C (?) = 5 .000 n P9C'9
DF SUM OF SQ.QA2ES HEA*! SC'IA n E ." :-pPP>i'
HSG2ESSI0N » 32.59065179 8 . 1176 fc37n P . 5 1 C.fnni
ERROR 15 9. "76910696 0.05127380
TOTAL '!« 12.35976175
D VAttJE STD ERROR TYPE II S3 ? "P'.T'*"
INTERCEPT 0.99913320
LtlMRAT 0. 33027913 0.32033265 1.91315617
BCKGRD -0.01530152 0.020252P 0.371735)3
TARGET -0.00221711 0.00033015 30.17121119
TB 0. 00005903 0.00002599 3.36075426
STEP 1 VARIABLE CCKGRD REMOVTD SQ'IAPE = 0.7f0finP2
C(p) = 3.57035312
EF SUM OF SCRAPES NSAti SQUARE ? .THV'
7 .55 i.nui
fl/7 f'.HHf
If:
. 33 \ oon I
5 . 1 * ). !:'(-")
REGRESSION 3 32.21SR69er. 10.73962322 16. "1 ). ini
ERROR 16 10. 140892O9 0.63 35 57 6
TOTAL 1" 12.35976175
D VALUE STD ERROR TYPE II S ?t - :'i cr>r
INTERCEPT- 0,.66621937
LUMRAT 1 .02116352 0.251096 97 10.29671723 If . ? r r . c. n i o
TARGET -0..00220022 0.00031989 29.9S165285 17.2 1 9. .130 1
TB . 0000116 9 0.00001750 1. 13051332 6.52 0.0213
ALL VARIABLES IN THE ilODEL ARE SIGNIFICANT AT THE O.05O0 I-
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MODEL BULDISfi FOB RATINGS U.H.T. LUMINANCE PATTO, TAPG f rct.'iT)
STEPWISE KXG9Z5Slr.il PROCEDURE TOR DErr.n":E ,*T V»PIAT!Lr .-M" I v '."
STEP 1 VAriA3!.E "iW" GET E!ITERED P. SQHAPB - . 4 5'!5n a?i
C(?) = 19.21 964541
or sum of sqdap-SS ;<eai; squat;" : ;,t op>f
REGRSSSIOM 1 19.42212950 19.42212950 15.24 i.JUl
ERROR 15 22.93763225 1.27431210
TOTAL 19 42. 35076175
3 VALU? STD EEHOE TYPE IT SS 7 KH>r.>l-
INTERCEPT 1.33849357
TARGET -0.00 105523 0.00027029 1 ". U22 1 2950 l r .24 :i,f">10
STEP 2 VAFIABLE LtJHEST EUTZP7.D R SQUABS = 0.66309051
C (?) = 7.9 1306632
DF SUM O? SQOABBS *EAV SQOAF.Z 1: p: r>R>?
REGRESSION 2 28.03335504 14.04417712 It .73 ''.C n '"1
ERROR 17 14.27140591 0.9.394«447
TOTAL 19 42.35976175
B VALUE STD EEROF TVFE II S3 7 :»?"5>?
INTERCEPT 0.35734733
LUHRAT 0.92933^59 0.23930672 8. 66622634 10.3? 3.1051
TARGET -0.00176234 0.00031075 27.000.91523 32. If (). 00.91
STEP 3 VARIABLE TR ENTERED R SQIIAPE = 0.76 060OP2
C(P) = 3.57095342
D7 SUP OF SQUARES H7.AH SCiUATE 7 t! C.TX
16.94 ..0001
Prf R>i
REGRESSION
ERROR
TOTAL
3
16
19
32.21086966
10. 14089209
42.35976175
10.73962322
0.63330576
B VALUE STD ERROR TYPE II SS
INTEECEPT
LUHRAT
I ARGET
TB
0.
1
-0
0.
.66624937
.02416352
.00 220022
.00004469
0.254096 97
0.00031989
0.0000 H50
10.29674723
29.98465205
4. 1305 1302
16. ?. r 0.0010
47
. 3 1 '• . nnni
6.5? ? . 2 1 3
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K0D2L BM.DI8G "OP E ATlt'GS W.P.T. LUXI'TST'CZ PATIO, ?»RG 5 i':vr:i
STEPWISE HSSRESSTON PROCEDURE FOE P-EPEEDEr? '.'Ah I A PL" !-.*.7IVP
STEP 4 VAF.IA3L" BCXGRD ENTERED E SQUA3E = 0.7fi9177r'7
C (P) = c .r,"(\cr 00.1
or SL'.'l OF SQUARES MEAH SQUARE 17 'irri,>='
REGRESSION i 32.590£54-*9 P. 1tt7fct37n r
.
r
. i ' , inn
i
EREO". 15 9. 76910696 0.65 1273 TO
TOTAL 19 12. 35076175
B 7ALUS STD ERfiOK TYPE IT SS p i - r rv
INTERCEPT 0.99913321
LOBEAT 0.88027918 0.32033265 4.91815647 7.5" ) . 1 i-Q
3CKGRD -0.01530152 0.02025212 0.37 1705 13 . r-7 "•. 4f H
TARGET -0.00 22471 1 0.O003 30 15 30. 17 12144° 4f . 33 * f ".no |
TB 0.00005903 0.00002599 3.36075426 5.16 0. 13" 1
STEP 5 VARIABLE BCKGRP REMOVED ? SQUARE = 0,
C(P) = 3,
,7f0fc0OI32
.570(15842
DF SUH OF SQUARES SJ3AH SQIArE ? :\'O r >F
10.73962322 IS. 94 .1. )001
0. 6338057 f;
REGRESSION 3 32.218069f 6
ERfiOR ie 10. 11089209
TOTAL i a 42.35976175
P VALUE STD ERROR TYPE II
INTERCEPT 0.66624987
LUHRAT 1.024 16352
TARGET -0.00220022
TB 0. 00004469
0.254096 97 I". 29674728 If .25 :. . or p
0.00031989 29.98465285 47.31 ). 000 I
0.00001750 4.13051382 6.5^ .0213
NO OTHER VARIABLES 821 THE 0.5000 SIGNIFICANCE LETEI FOR ESTPY
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KODEI 3T1ILDING IJSIBG 3 .SQUSHE
» 2 SSSHESSIOa MODELS FOR DEPENDS V4P.IADI RATI'
BDHBEH IN r-SQIJAf-S VARIABLES IN SiODEL
MODEL
1
1
0. 00004296
1. 2567311
DC KG ED
LU'IRAT
1 0. 111376131 T3
1 0.456 50422 TARGET
3CKGPD2 0.0319 2706 LU*RAT
2 0.05274385 LOaSiT TD
2 0.05696272 3CKGRD TB
2 0. 4 6313996 3CKGPD TARGET
2 0. 5 1752232 TARGET TB
2 0.66309051 LOrfRAT TARGET
3 0.Q57116U8 LUHRAT BCKGRD TB
3 0.653 27 323 BCKGPD TARGET TB
3 0.69003930 LHHBAT P.CKGRD TARGKT
3 0. 7606.008 2
0. 769 37767
L U.I BAT T A H G 21 TB
It lweat BCKGRD TARGET T B
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MODEL EUL3j.fi;; FOH '.'tfXBES W.P..T. LmiNA^C? 2ATIC 7AF~ ? BCKiSJ'
rORBAHD SELECTION PROCEDURE FO<i DE22HDENT VAPTflL" '"IT.^t
STEP 1 VABIABL2 LIUUAT ENTEB33 I S(iFfAHS 0.4 14?C4 1
C(?) = 0. 16596.159
DF 311?. OF SQUARES KF.At! SQUAPE i- ;':.ir>F
HEGBESSI08 1 5.233252 3= 5.23325235 12.76 1.1022
*RROP If 7.37974765 0.14095" = °?
TOTAL 19 12.6130000-1
3 VALUE STD ERPOK TYPE II SS F iT 1H>P
INTERCEPT 1.234129P9
LUWRAT 0.509956S7 0.14273557 5.23325235 12.76 '\ ;1"2
STEP 2 VARIABLE TARGET ENTERED ?. SQUARE = 0.431.12174
C (P) = 2. 109""33<»S
!)? SIM OF SQUARES il E A >' SQUAT-
E
F ">?'>?>?
5.43646455 2.71323227 f.U4 r .^M
7.17653343 0.42214 Q 14
12.61300000
3 VALUE STD ERROR TYPE II SS F "?'">?
INTERCEPT 1.25334412
LOME AT 0.40914915 0.20515522 1.67915175 1.9S .i.1.'-24
TARGET 0.00015239 0.09022036 0.20321220 0.4H ". i r'"2
SO OTHER VARIABLES SET THE 0.5000 SIGN IFICAMCE LFVZI FOR 7MTVi
REGRESSION 2
ERROR 17
TOTAL 1°
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hodel sai.oiaa foe snaBRP v.l.t. luminance :-.atio tapg £ bcki;;.:
STBPtflSE PSGf 2SSIC» PROCEDURE FOE DEPENDENT VARIABLE THEE"
STEP 1 VARIABLE LU!!RA7 ENTERED P SQUA" = Il.ai49r.a0 1
C(P) = 0.56 596 159
DF SUM OF SQ1TARES 3KAH SQUARE F ?I.(lOF
BIS8BSSIOH 1 5.23325235 5.23325235 12.76 0.0022
EBBOE IB 7.37974765 0.40998538
TOTAL 19 12.61300000
B VALUE STD EBBOS TYFE II ST LTnp>?
INTERCEPT 1.234120S9
LUHSAT 0.50995697 0.14273557 5.23325235 12.76 0.PO22
STEP 2 VARIABLE TARGET ENTERED P. SQUARE = 0.43 102)74
C (P) = ?.10°''93«9
DF SUM 0? SQtURES HEAJ1 SQUARE F "70p.>?
HEGBESSICN
ERROR
TOTAL
2
17
19
5. 43646455
7.17653545
12.6 1300000
2.71823227
0.42214914
f
,
44 o.^om
B VALUE STD ERROR TYPE II 3S e n •,.,;-.V.-
INTERCEPT
LUMEAT
TARGET
1
0.
.253 344 12
.40914915
,000 15289
0.20515522
0.00022036
1 . 6 7 90 r 1 7 5
0.2032 122"
3 .98
.
Uf-.
9.0A?U
"
.
i r'"2
STEP 3 VARIABLE TARGET REMOVED P SQUARE = 0.
C(P) = 0,
,41490
.56 596
941
159
DF SUM OF SQUARES MEAN SQUARE 1 i';.oB>i
2EGEESSION
EBBOB
TOTAL
1
18
19
5.23325235
7.37974765
12.61300000
5.23325235
0.40 99 859 8
12 .7f f . f ?. 2
B VALUE STD ERROR TYPE 17 SS
- pr«na>?
INTERCEPT
LUMEAT
1 .23412009
.50995697 0.14273557 5. 23325235 1" .76 i. 3022
NO OTHER VARIABLES MET THE 0.5000 SIGNIFICANCE LEVEL FOR 3*T
139
MODEL BOLUIHQ FOR VU.'IBEP W.R.T. tOMIJf&rc? I'ATIC TAPG '• RCKW
3ACKHAPD ELI I'll MUrrOil PROCEDURE FOR nEPENDBKT VjriJQLJ J!'):!"'7 ?
STEP ALL VAFIABLES ENTERED V SUI'AES = 0.43489352
C (P) = H.OOOniOOfl
DF SDH OF SQORaES WSAW SQUARE F PSrP 1!
REGRESSION 3 5.435374?-' I .823U5332 4.1" C . "24 5
ESPOE If 7. 12762503 0.445't7(556
TOTAL p 12. ft 1300000
B VALUE STD 2HFO? TYPE II S3 T ' 3"H>F
INTEECEPT i. 16059304
LUMRAT 0.45230950 0.24775134 1.48 478140 3.33 0.0 fife
BCKGRD 0.00 37397 3 0.01 143717 0.01439 1043 0.11 ".IWt,-1
TARGET 0.03 129 6 9 0.00023695 0. 13345453 0.30 ). 5'= 17
STEP 1 VAFIABLE BCKGFD REMOVED R SQUARE = 0,
C(P) = 3.
,43
. 10
10207a
970 -t<x n
DF SOU OF SQUARES MRAB SQUARE T 2~<~H>F
f . 4 'I r . n f. 1REGRESSION 2 5. 43646455 2.71323227
ERROR 17 7.17633545 0.42214914
TOTAL 19 12.6 1300000
E VALUE STD ERROR TYPE II SS
INTERCEPT 1 . 25834412
LUMEAT 0..40914915 0.20515522 1.67905175
TARGET 0..000 15289 0.00022036 0.2032 1220
3.98 0.1624
. 4 3 ''. 4072
STEP 2 VARIABLE TARGET REHOV3D R SQUARE = 0.41490941
C (P) = 0.5f 596 159
DF SUM OF SQUAHES MEAN SQUARE F ??r.3>¥
5.23325235 5.23325235 12. 7f 0.0022
7.37974765 0.40998598
12.61300000
B VALUE STD ERROR TYPE II SS F n F'"iCOf
I'JTEHCEPT 1.23 4 1203 9
LDHRAT 0.50995697 0.14273557 5.23325235 12.76 0.0022
ALL VARIABLES IS ^HE 10DEL ARE SIGNIFICANT AT T!!3 0.0500 LEVEL.
REGRESSION 1
ERROR 13
TOTAL 19
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::ODEL BtTILDIIiG riSIHG K SQ'IMT,
H= 20 HESaSSSTOH MODELS FOR DEPEVQE"T VATIA3L- IME?;
80HBEB IH H-SQ0AK2 VARIABLES IN KOD2T.
HODEL
1 0.04870394 BCKGfiD
1 0.29790001 TARGET
1 0.41490941 WHEAT
2 0.31713013 BCKGBD TARGET
2 0.4243 1730 10HBAT BCKGRD
2 0,43102074 WHEAT TABGET
3 0. 4348*3352 WHEAT BCKGED TAPGET
141
."ODHL BOLDISG FOP TIH2S W.3.T. LfJHIKANCE PATIO TAR'S R BCri?:.!
FOK'iiAP.n SEL2CTIOH PROCZDUEF FOE OSPElTDavT VSFTAHLF TI"?
STEP 1 VARIABLE FCKG?D BliTEP.SD E SQUARE = n.nf«5'Hli»2
C(P) = -0. J.?5r,p-»7f.
PF Snt< OF SQUAKES jF<kN SG'IA2E f i;'( ,3>?
0.07.155000 0.07355001 1.24 -i . 2
7
r
-
.'
I.0650932U . 05*317 la*i
1. 13864324
B VUL'JZ S m 3 ERROR T7P3 II 33 ~ ~ r .'>i'
INTERCEPT 1.11249990
BCKGRD -0. On3906fc4 0.00350405 0.073550'1 1.24 0. 2"*q f
NO OTUEE VARIABLES flET THE 0.5000 SIGN IFICANCF LSVE1 FOF E!"T T
REGRESSION 1
ERROR IB
TOTAL 19
142
J'ODEL BULDING FOR TI3SS ti.^.T. LIJSI I! AIICE RATIO TAR'! 6 r*C v il '.
BACKHARD 511313 ATI OK ??.OC2D"E '. ?OR D E P END 2 " T VABIABI^ ?!'•:.
STEP ALL VARIABLES 2NTEPED F. S'jUA.iE = 0. 10994974
C(?) = 5.00000000
DF SU!" OF SQUARES MEAN SQUAi^F F ^f,r>r
REGRESSION 4 0.12519352 0.1312 o 833 :).«; 0.7S17
iiRROR 15 1.01344171 . Of 75f 3? 1
TOTAL 19 1. 13364324
B VM.FJE STD ERROR TYPE II SS " ITOFOF
INTERCEPT 1.02011564
LUMRAT 0.08303044 0.10317510 0.04375533 0.6* ".4335
BCKGBD -0.00204015 0.00652295 0.00660916 0.10 ).7f,3fi
TARGET -0.00006325 0. 00010634 0.023'3 0f04 0.35 .."603
TB 0.0000012'' 0.00000837 0.00096879 1.00 'l.i>7«!i
STEP 1 VARIABLE TB REMOVED R SQUARE = 0.11°38933
C (P) = ?.OQ1018|fl
DF SUM OF SQUARES S2AN SQflAPE 7 :: : "r>F
REGRESSION 3 0. 12512473 1.0417082 4 CM \ "r^H
ERROR 16 1.01351351 0.06 334491
TOTAL 19 I, 1386 4324
B VALUE STD 8RSOP TYPS II SS ? >prp)->F
INTERCEPT 1.0 1733350
LUMRAT 0.08419664 0.09342440 0.05144944 0.8 1 1.3813
BCKGRD -0.00 IB8809 0.00431283 0. 01214037 0.19 " . 6 c 7 1|
TARGET -0.00006157 0.00008935 0.03007576 0.47 1. 1007
STEP 2 VARIABLE BCKGED REMOVED P SQnAlF = 0, . 39922713
C(P) = 1. 18 070 697
DF SUM OF SQUARES NBA* SQUARE F :v"B>r
REGRESSION 2 0. 1 129 843 6 0.05649213 C.14 1.4114
ERROR 17 1.02565888 0.06033283
TOTAL 19 1. 13 86 432 4
B VALUE STD ERROF TYPE I I SS - P?OR>?
INTERCEPT 0.96 06 376 2
LtJHHAT 0. 10569970 0.07755800 0. 1 1205940 1 . 3 C- 0. 1907
TARGET -0.10007312 0.0000833 1 0.046.486E2 0.77 " . 3°2J
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MODEL BULDIIIG FOE TIPE3 W.F.T. LUMIMASCjJ PATIC TAF.G .:• '.CK'WO
BACKIJ4E0 ELIMI'IATIO" PROCEDURE FOE DBS3NDS.'IT VAFIAPLZ TI,::-'
STEP 3 VARIABLE T49GE? REMOVED p SQUAEF = 0.05P40D6U
C (P) » -0.13 124476
Di? SUM OF SQUARES t1B4!i SQ'IAP -1; P l"snp>r
0.06 649754 1.12 ' . 3047
0.05956365
TYPE II SS ? PSOO'
0.0 664975
B
1.12 0.3047
STEP 4 VAPIABLE 1.0!! HAT REMOVED R SQtJARE = 0.00000 100
C(P) = -1.14701922
D? SUM OF SQUARES «EAM SQUARE 7 LVf fl>~
0.00 t.llOJ
xn>5
REGRESSION 1 0.06649754
ERROR 1? 1.07214570
TOT4L 19 1. 13864324
B VALUE STD ERROR
INTEECEPT .9802233 1
LOHRAT 0..05748446 0.054404 94
8 EGRESSION o.oooooaoo 0.00000000
ERROR 1« 1. 13864324 0. 059928^°
TOTAL 19 1. 13864324
B VALUE STD ERROR TYPE II .~ S
INTERCEPT 1.05077500
NO VARIABLES ARE SIGNIFICANT AT THE 0.0500 LEVEL.
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MODEL BULGING FOR TIclV.S V.H.T. 1.0 HI H AilCE PATIO T'PG S 5L, K"'!r"
STEPUIS2 3EGB3SSI0K PH0C2Dna2 FOR DZP2TOSW* VA?I1V3L? TI'""
STEP 1 VARIABLE BCKGRD ENTEJJE3 J~ SQUARE = n.nt 45°442
C(P) = -0.23562776
DF SUf! OF SQUARES M2AN SQIAPE 7 r:-\ir~>
1.2 a 'i.,V?hEGRESSION 1 0.07355000 0.07 3550.10
ERROR IB 1. 06509324 0.059 17 1R5
TOTAL 19 1. 13364324
B VALUE STD ERROR TYPE IT S3
INTERCEPT 1. . 11249998
BCKGRD -0 .00390664 0.00350405 0.07355^00 1 . 24
HO OTHER VARIABLES 3ET THE 0.5000 SIGNIFICANCE LSVEt FOE FUT'Y
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TDEL D0IL3ItTu IJSI'IG ?._SG'I WT.
20 !H3iRBSSZOU aODELS FOP. DEPEHDEtlT VAP IAPLE T:
il UMBER IN 5-SOUAPE VAPIABI.ES IK t;ODEL
H03EL
1
I
0.003 0123'!
0. 005 6 8 202
TAEGET
TB
1 0.058 H0063 LIK1PAT
1 0.06459442 3CKGPD
TB2 0. 1407120 TAHGET
2 0.06470446 3CKGFD TARGET
2 0. 06669640 BCXGPD TB
2 0.0S347564 III '.BAT BCrGBD
2 0.086 47053 LIKIPAT T3
2 0. 09922718 LUMHAT TAP.GET
3 0.07152170 BCKGF.B TAPGET TB
3 0.08895454 LIJHHAT BCKG3D TP
3 0. 10414532 LUMIiAT TAPGET TB
3 0. 10S38932 LUMP.AT 6CKGR3 TAPGET
1* 0. 10994974 UJNEM SCKGP.D TAEGET fl
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ABSTRACT
This study was conducted with the abjective to determine
a relationship, if any, between the orienting behavior and
subjective responses of people regarding lights. Subjective
responses were obtained -from 20 subjects regarding the
pleasantness of two target lights (le-ft and right sources, with a
partition in between) , specifically, the luminance ratio of the
target and the background (luminances). There were six levels of
target luminance and five levels of background luminance. The
treatments or conditions of the experiment were designed on the
basis of the luminance ratios, i.e., ratio of target to
background luminances. The results showed that the pleasantness
ratings depended significantly on the luminance ratios and there
was interaction between target and background luminances for both
rating and response time. The higher luminance levels attracted
the attention of the subjects 87 percent of the times.
Convergence of behavioral and subjective responses did not occur
at all luminance levels. There did not seem to be any pattern in
the orienting behavior of the subjects and their choice of
pleasant lights. Also, no observable change in the speed of
attention—getting with higher luminances was found. Regression
models were built for the response variables, pleasantness rating
and the number of times looked at the lights.
